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PREFACE 

A TREATISE on technical Inorganic Chemistry, which includes 
accounts not only o^ the more important industries, but 
also details of the minor ones, has been a long-felt want 
amongst practical business men interested in chemical processes 
of manufacture. 

The present work forms a continuation, or supplement, to the 
Editor’s ‘'Treatise on Industrial Organic Chemistry,” which has 
evidently filled a gap in chemical literature. It embraces both 
British and American practice, and affords, so far as is ascertain- 
able in view of the many secret processes employed, thoroughly 
up-to-date information regarding the various branches of chemical 
industry and of manufactures having a chemical basis. 

The work, which has been carried out on the lines of the 
previous treatise, has been written under very formidable 
difficulties, for not only have several years been spent in its 
compilation, but before its completion the great War broke out 
and dispersed many of the contributors in the fighting ranks 
throughout the world, one at least, the late Major L. Foucar, 
having been killed in action before his article could be completed. 
It is a great satisfaction, to the Editor "that he has been able to 
bring his task to a conclusion in spite of these obstacles. 

The immensity of the subject, and the large ijumber of 
industries embraced under .the comprehensive title “Industrial 
Inorganic Chemistry,” has necessitated the division of the work 
into two volumes. 

The Editor has been fortunate in securing the co-operation 
of a distinguished body of contributors, all of whom are experts 
in their particular subjects ; their " names and attainments, as 
enumerated on the title-pages of the two volumes and more 
specifically in the list of contents, are a guarantee that the 
minutest care has been exercised to ensure accurate descriptions 
of the industries concerned, and to these gentlemen the Editor 
owes a considerable debt of gratitude, and to many other pro- 
fessional friends who have supplied information or given help 
in subjects in which they have specialised. 

One great difficulty in compiling such a treatise is the extra- 
ordinarily rapid advance in scientific invention in many industries. 
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PREFACE 


Almost over-night \j(so to speak) new industries arise out of 
improvements or inventions, the details of which it is almost 
impossible to procure. 

In carrying out the work, however, special pains have been 
taken to ensure that the most recent Available data, and the most 
modern processes, have been described. M uch of the information 
is published in book form for the first time, and many of the 
descriptions of new processes and modern plant have been supplied 
by .the courtesy of industrial chemists and leading firms of Europe 
and America. 

Patent literature has been utilised to the fullest extent, since 
many patents, although impracticable, often contain the germs of 
valuable ideas. Indeed the Editor ventures to claim that such a 
copious reference given to the technical and patent literature of all 
countries has not appeared in any similar work published in 
English, and he hopes that by this means a reader who desires 
further details respecting any process described will be enabled, 
without difficulty, to refer to the original source. 

The Editor’s aim is to cover the whole range of subjects 
with which the industrial chemist and manufacturer are usually 
concerned, and to present a book which would serve either as 
a text-book or as a work of, reference to meet the requirements 
of business men interested in chemical processes, she'ntists, 
chemical engineers, patent workers, inventors, students, and 
others. He trusts the work will be found to carry out this 
object, and that it may prove of real utility to all interested in 
chemical manufacture. 

It should be mentioned that while the title indicates that only 
Inorganic Compounds are dealt with, it has been found advisable 
to include, in the sections on Disinfectants and Antiseptics, a 
number of Organic Compounds which fall naturally under these 
headings, since the removal of them from such sections would 
largely destroy their value. 

Although every care has been taken in the production of the 
work, yet, in view of the mass of detail involved, it is impossible 
that all errors have been eliminated, or that in every case the 
best processes have been described. The Editor will, therefore, 
be grateful if readers will kindly inform him of any erroneous 
statements, or will call his attention to any serious omissions. 

On the other hand, he would be pleased to help such readers 
who have difficulty in carrying out various processes described if 
they would communicate their difficulties to him. 

GEOFFREY MARTIN. 


London, Deamher 1916. 
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SECTION I 


SOLID FUELS 

By Alfred B. Searle 


LITERATURE 

The literature of fuels is extensive, but it is chiefly iu trade journals and in the transactions ot 
learned societies, and not in book form. 

C. H. Draper. — “ Text Book of Heat.” London, 1897. 

•A. H. Sexton. Fuels and Refractory Materials.” London, 1909. 

C. N. Arbkr. — “Natural History of Coal.” Cambridge, 1910. 

G, Lunge. — “ Industrie des Steinkohlenteers.” Braunschweig, 1888. 

Feclet. — “ Traits de la Chaleur.” Paris, 1878. 

F. Fischer,-— “Chemische Technologic der Brcnnsiofle.” Braunschweig, 1897. 

JUBPTNER VON JONSTORFF. — “Die HeizstofTe und Warmelehre.” Vienna, 1890. 

“ Heat Energy and Fuels.” London, 1908. 

J. B. C. Kershaw.— “ Fuel, Water, and Gas Analysis for Steam Users.” London, 1907. 

' H, Poole.— “The Calorific Power of Fuels.” London, 1903. 

Percy. — “Fuel.” London, 1864. 

J. S. S. Brame.— “ Fuel : Solid, Liquid, and Gaseous.” London, 1914. 

F, J. Brislee.— “ Introduction to the Study of Fuels.” London, 1912. 

H. J. Phillips.— “ Fuels : Their Analysis and Valuation.” London, 1903. 

Greenwell and Elsden.—“ Analysis of British Coals.” London, 1909. 

E. E. SOMERMEIER.— “Coal : Its (Composition, Analysis, etc.” London, 1912. 

Mills and Rowan. — “ Fuel and its Applications.” l.ondon, 1889. 

W. W. F. Puller.— “Combustion of Fuels.” London, 1900. 

Williams and Clark,— “Combustion of Fuels.” London, 1891. 

F. T. Gissing.— “Commercial Peat.” London, 1909. 

Bjoilino and Gissing,— “ Peat.” London, 1907. 

Byrom and Christopher. — “ Modern Coking Practice.” London, 1913, 

Tlic Journal ojtht Society of Chemical Industry zsiA the Journal of Gas L\^hting^ together with 
the chief engineering and colliery journals, have the most recent information, especially as regards 
plant and processes. 

Fuels are materials whose chief value lies in their use for the production of heat. 
They may be solid, liquid, or gaseous in form, and of great diversity of composition. 
Most fuels, however, owe their value to their content of carbon or hydrogen, or to 
both these elements. In some instances, fuels are of mineral origin exclusively, 
as the sulphur used in Sicily in smelting sulphur ores, or the combined sulphur in 
pyrites which assists in the roasting of that ore. The silicon, manganese, and 
phosphorus in iron used in the Bessemer process of steel manufacture also act as 
fuels, and in a few cases the heat produced by chemical reactions is sufficient 
to raise the products to the desired temperature without the use of additional fuel. 
The use of magnesium and aluminium as fuels is the essential feature of “thermite” 
welding and similar processes in which an intense local heat is required. The 
temperature attainable by this means is estimated at 3,000* C.x It is not customary 
to regard an electric current as a fuel, though the use of it in electric furnaces, and 
in radiators effects all the usual results deraaiujed of a fuel, and frequently permits 
temperatures to be obtained which would otherwise be impossible. In other cases 
also the use of electricity as a source of heat is more convenient than that of a fuel. 

CldlSSiiication of Fuels< — The following classification of fuels is usually 
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adopt^, and, although it omits silicon, sulphur, phosphorus, and other special 
fuels, it answers almost evefy purpose : — 


I. Solid Fuels — 

(a) Natural — 

(i^ Wood. 

(2) Peat. 

(3) Lignite. 

(4) Coal. 

II. Liquid Fuqls (Section III.) — 

(a) Natural oils. 

III. Gaseous Fuels (Section XIII.) — 
(a) Natural gas. 


(i) Prepared — 

(1) Charcoal. 

(2) Charred Peat. 

(3) Coke. 

(4) Semicoke (Coalite), 
(s) Briquettes. 

(b) Distilled oils and spirit. 

( 3 ) Prepared — 

(i) Coal-gas; 

. (2) Producer-gas. 

(3) Water-gas. 

(4) Oil-gas or air-gas. 

(5) Acetylene. 

(6) Hydrogen. 


Woo<l.-^Wood is the partially hardened vegetable tissue of trees and bushes, 
the smaller pieces being distinguished as brushwood. It is principally composed 
-of cellulose, CgHj^Oj, its composition being practically the same in every kind of 
plant producing it. Some variations are naturally observable, but a fair average is : — 


i 

I 

1 Pure Cellulose. 

Average Wood 
(Dried). 

Carbon .... 

44-4 

50.3 

Hydrogen - - • . 

6.3 , 

6.2 

Oxygen .... 

49-4 

40-4 

Nitrr^en .... 


1*0 

Ash ■ 


2.1 


100.0 

100.0 


Wood usually contains a large proportion of water ; in freshly felled wood it 
may amount to 50 per cent,, or more, and wood which 'has been laid aside to dry 
without heat (“air-dried wood") will usually contain 20 per cent, of water. When 
the wood is burned, this water is converted into steam, the evaporation absorbing 
a large proportion of the heat in the fuel. 

The ash or mineral matter in wood is not an impurity, but an actual constituent 
of the plant, the elements in the growing plant being in a highly complex state 
of combination which is destroyed when the wood is burnt. If the burning bas 
been complete, the ash will usually be »hite, or slightly reddish in' woods containing 
iron compounds. Black particles are usually pieces of incompletely burnt wood. 
Wood ash consists principally of potassium carbonate with variable quantities of 
calcium, magnesium' and sodium carbonates, and lessdr quantities of iron oxide, 
alumina and silica. 

Ill spite of its convenience and extended use, wood is not a good fuel, as it 
contains so large a proportion of water and but little available hydrogen relative 
to the total hydrogen present. The calorific or heating power of wood is only 
S,6oo’B.T.U. when air dried, and y,ooo B.T.U. when kiln dried at 140* C. 
There is but little difference in this respect between the harder and softer woods. 

The chief value of wood as a fuel lies in (a) its ready inflammability, which 
makes it useful in starting the homing of other fuels, {b) the length of flame 
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produced on burning, and {c) the small amount of ash and soot produced. This 
last quality makes wood specially useful in certain industries, as in the melting 
of glass in small works and in the firing of porcelain and’some other kilns and 
furnaces where a “ clean heat” is essential. The maximum temperature attainable 
‘with wood alone is not»great, and is largely dependent, on the amount of water 
present in the fuel. Wood should, therefore, be dried carefully before Jjeing 
burnt, the best results being obtained by drying it at a temperature of i25"-i4o” C.' 
This is usually effected by storing it in “a warm place.” If wood is heated to 
160“ C. or more, it is decomposed, forming a number of volatile products and 
(if air is excluded) a black residue of charcoal. 

The decay of wood-forming plants under suitable conditions of moisture and 
temperature leads to the production of a number of other fuels, of which peat, 
lignite, and the various kinds of coal are the most important. 

Peat. — When vegetable matter is allowed to decay it forms a light brown 
material bearing some resemblance to peat, but its nature depends largely on the 
nature of the original plant and on the manner of its decomposition. Most of the 
British peat deposits are due to the decay of certain mosses (Sphagnum), but in 
other lands it has a different origin. The older deposits are naturally the furthest 
from the surface, and are usually much darker in colour and considerably more 
dense. The usual source of peat is the peat-bogs which abound in some localities, 
as in Cheshire and in central Ireland. The material is cut with .small spades, and 
is dug out in the shape of blocks not unlike an ordinary building brick. These 
blocks are then piled one above the other .so as to permit them to dry as much as 
possible. Freshly dug peat contains 90 per cent, or more water, and even after 
drying in the open air it contains lo per cent, of water. Drying by heat in hot 
chambers is found to be unprofitable. On the Continent— where more attention 
is paid to the use of peat as fuel (ban is the ca.sc in this country — steam navvies 
are employed in some localities for its removal, and various other elaborate devices 
are employed for draining moors and bogs in order that the peat they contain may 
be obtained in a state of dryness sufficient to permit of its convenient treatment. 
The chief feature of these machines is the distance from the wheel-base at which 
they can work. Peat-bogs do not permit of a good foundation for a heavy machine, 
and even the construction of rafts involves great difficulties: hence the most 
successful machine for getting the softer and wetter peats consists of a very long 
arm provided with buckets, driven from the jjortable engine which forms the main 
part of the machine, so that the whole acts somewhat like a dredger used for the 
removal of silt from navigable rivers. The wet turf or peat obtained in many 
Continental bogs is too soft to be piled up, and must be compressed into briquettes 
before it can be stacked out to dry. 

A method proposed by Engelhardt for the removal of most of the water from 
peat consists in heating the peat .with water under slight steam pressure in a boiler. 
The heat causes some decomposition of the slimy constituents of the peat, and 
the heated material may easily be pressed mechanically into blocks which contain 
considerably less moisture than the best air-dried peal. Unfortunately, this process 
has not been developed, as its inventor died -shortly after the publication of the 
outline of his method. In those instances where it was tried under his supervision 
it appeared to hold great prospects of success. 

Solidified peat may also be prepared by a process patented by Gwynne in 1853, 
which consists in drying the peat in a hydro-extractor, grinding it to powder, and 
then pressing it into blocks in presses, the dies of which are heated. 

Peat is very variable in composition, but bears a considerable resemblance to 
wood, though usually containing much more ash (average 3-3 per cent.). . Peat ash 
is largely contaminated with the soil from the site in which the mosses originally 
grew, and it is usually richer in iron oxide than the ash of liying plants of the 
present day. 

Peat hi a low calorific power— seldom exceeding 5,000- B.T.U — -so that weight 
for Weight it is^ilot half as valuable as coal. When burning, peat falls to powder 
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and tends to extinguish ' itself unless frequently stirred ; it is, therefore, an 
unsatisfactory fuel, and should only be used after the most careful consideration. 

Many patents have been obtained for the drying and utilisation of peat, but most of them are 
of little or no commercial value. In many instances the drying of the peat in the manner su^esled 
in- the Phtent SpeciEcation would prove technically impossible undei»the conditions prevailing in* 
the pe^'lx^s, or Enancially unremunerative. It is> of coarse, possible that some of the processes 
which are now unsatisfactory may be developed in some unexpected manner and become a source 
of profit, though it is, at present, impos^ble to see how this can occur. The application of new 
methods may also prove to be of greater Importance than they now appear to be : the patents 
taken out in Germany by Graf Botbe Schwerin und Farbwerkc vorm Meister Lucius & BrUning 
in 1900-1904 are of this class. They are based on Quincke’s discovery that when a solid is. 
suspended in water (particularly if it is of a colloidal nature) and subjected to a suitable electric 
current, the solid portion will travel to one pole and the water will travel towards the other. Hence 
a wet substance will tend to lose some of Us contained water, and will be obtainable in a drier form 
than that in which it originally occurs at the pt^ilive pole. This electro-osmosis process has been 
used in a Prussian peat plant for several years, and is successful in reducing the water-content of 
the peat from 85-60 per cent. The product is then dried by steam until it only contains 
20 per cent, of water, the drying being factliialed by the previous electrical treatment. Such 
treatment is scarcely applicable to British peats, as they do nut possess tire peculiarly fluid nature 
of the Prussian one, and consequently can be mr dried to an extent which is impossible with the 
latter. 

There is greater promise of usefulness in Gercke's process, in whicl) the peat is healed in a 
boiler, the steam produced being used (or engine-driving, and the hot peat being removed and 
used for fuel. The process is made continuous by means of a screw conveyer in the boiler, which 
pushes the hot peat out of the latter in a small but steady stream. The dihicuUy which is the chief 
factor against this pr«x:ess is the unsuitability of peat-bc^s as sites for industrial purjKises. 

It has already been stated that the drying of peat by artificial heat is 
unremunerative. For this reason the use of ga,scngines driven by “peat -gas” is 
not likely to be useful except in the immediate vicinity of the peat-bogs, and as 
these are situated in localities unfavourable for large industries, the use of such 
peat-gas must be extremely circumscribed. 

.\ suggestion which seems worthy of greater consideration tlian it has hitherto teceiveil, 
advocates the erection of an electric power station on an edge of a peat-k^, and driving the 
dynamos by engines whose source of power is peat. This problem is not as simple as appears at 
first sight, but it holds out more possihilities than many other suggestions, inasmucli as electricity 
can be carried over great distances without serious loss in transport— a characteristic which is 
jMSsessed by no other form of power. 

The production of peat charcoal is described later. 

Lignite. — In the various stages of transformation of living plants into coal, the 
various materials classed together as lignites or Braunkohle are important as being 
intermediate in character between the plant and the final product of coal. The 
lignites may, in fact, be regarded as incompletely formed coals. 

In Central Europe, lignite deposits form an important source of fuel, hut in 
Great Britain they are comparatively unimportant, the chief deposit being at Bovey 
Tracey in Devonshire. 

There are several varieties of lignite, including brown coal, pitch coal, moor 
coal, jet, etc., but they are of no commercial value in Great Britain, as they are all 
inferior to ordinary coal and are only used in those countries where the latter is 
inaccessible or inordinately costly. 

In composition, lignites vary grwtly, particularly as regards their ash-content. 
If their composition is calculated on the assumption that they are free from ash and 
water, most lignites confofra fairly closely to the following average composition : — 


Carbon - 
Hydrogen 
Oxygen - 
' Nitrogen - 


50-77 per cent., averaging 63 per cent. 
3-5 per cent. 

25-36 per cent., averaging 32 per cent. 
0-2 per cent. 


Like peat, the lignites contain a large proportion of water — from 18-60 per cent, 
—which must be removed either by drying in the open air or by artificial means. 
On the Continent they are used chiefly in the form of briquettes and then ignite 
easily; bumit^ with a long, smoky flame. They are also used in the manufacture 
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of a form of peat charcoal (p. i8). Their calorific power is intermediate between 
that of peat and coal. 

Coal. — By far the most important solid fuel is coal, and it is one of the 
curiosities of technology that there is, at present, no really satisfactory definition of 
this material. One of the least objectionable definitions states that “Coal is a 
mineral substance of a Sark brown or black colour, composed of the remains of 
plants and containing such proportions of carbon and hydrogen that it can be used 
as a fuel.” its origin is by no means fully understood, much that has been written 
in various geological and other text-books being purely conjectural and not accepted 
by those living scientists who have given most attention to the subject. The 
general consensus of opinion is best appreciated by reading Dr Arber’s “ Natural 
History of Coal ” (Cambridge Manuals of Science). 

The literature of the geology of coal and the methods of mining it is very 
extensive, and the number of different coals now known is very large ; the following 
are, however, the most important ; — 

Bituminous coal (ordinary coal). 

.\nthracite. 

Cannel coal (gas coal). 

Bituminous Coals bum with a yellow, luminous flame resembling that of 
bitumen from which they derive their name. They are usually black in colour, and 
those in Great Britain belong almost exclusively to what is known geologically as the 
Coal Measures of the Carboniferous period. When examined in the form of thin 
slices under the microscope they are found to consist of a yellow, semi-transparent 
material due to the spores in the plants from which the coal is derived, together 
with a darker, opaque material, the nature of which is imperfectly understood. 
These coals are widely distributed in Great Britain, and though their general 
occurrence is well known, the boundaries of some coalfields cannot be defined with 
certainty as they are hidden by rocks of a more recent formation. This is 
particularly the case with the eastern and south-eastern extremities of some of the 
Midland coalfields. Generally speaking, the largest industrial centres are situated 
conveniently near the coalfields, though this is not invariably the case, London 
being a prominent exception. 

As the precise nature of coal is far from being completely understood, it is 
impossible to classify it satisfactorily. The chemical composition of coals only 
affords an approximate idea of their nature, for in spite of extensive investigations, 
the identity of the chemical compounds which constitute coal has not been 
identified. The ease with which these compounds are decomposed by heat, the 
complex nature of the decomposition products and the difficulty of isolating any 
compounds without first destroying the original composition of the material all unite 
in rendering the chemistry of coal one of the most complex branches of science. 
The results of an ordinary analysis lead to no definite conclusions as to the actual 
compounds present, and it is therefore convenient to classify coals by their technical 
uses rather than in accordance with their composition. The following classification 
is convenient, though not free from objection on the score of overlapping ; — 

1. Long-Flamed, Non-Coking Coals, abundant in Scotland, Derbyshire 
and Staffordshire, and used for blast furnaces. These coals produce a considerable 
quantity of gas and tar on dLstillation. In bla.st furnaces, the gas produced yields 
20-25 lbs. of ammonium sulphate per ton of coal burned, and is therefore worth 
recovery. 

2. Qas Coals burn with a long, luminous flame, and yield a soft caked coke. 
Their chief characteristic is the proportion of gas produced on distillation, this 
being seldom less than 18 per cent, or 10,000 cub. ft. per ton. These coals are 
also in great demand for reverberatory furnaces, where a long flame is required, 
and for a variety of other purposes. 

3. Furnace Coals are’somewhat less expensive than the coals previously 
mentioned, and are used for general purposes. They are also known as hOUSC coals 
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and steam coals from the fact that they are suitable for domestic purposes and for 
heating steam boilers. They produce a good coke of moderate compactness, but 
do not evolve so much gas or bum with so long a flame as the coals in ihe two 
former classes. They are, therefore, less suitable for reverberatory furnaces, but 
excellent for other furnaces and kilns. They cannot be ij,sed in blast furnaces, as 
the coking is detrimental to the movement of the ore in the latter. 

4. Coking Coals are those which are specially suitable for the production of 
coke of a solid, hard, and coherent nature. They burn with a relatively short 
flame, and produce very little gas. Whilst primarily used for coke-making, they 
are also suitable for domestic purposes and for furnaces in which a short flame is 
required. 

5. Anthracites or Smokeless Coals are more highly carbonaceous than 
other coals, and. are more diflScult to bum. They give an intense local heat, little 
flame, and are not particularly adapted for general use. They .are chiefly employed 
for heating boilers and occasionally for smelting iron. Anthracites appear to be 
coals which have undergone a further decomposition and condensation. They 
occur chiefly in South U'ales, at the western end of the ordinary coalfields in that 
country. 

6. Cannel Coals — used almost exclusively for gas-making — form a distinct 
class, and cannot be included among the bituminous coals, as their mode of 
formation and general characteristics are diflerent. They burn with a long, 
luminous, and smoky flame, with a crackling sound, and for this reason are often 
called parrot coals. The poorest cannel coals bear a close resemblance to shales, 
and are of little value. 


The various classes of useful coal are shown in the following table, 
hut for further details some of the larger books on Coals and 
the publications of the Geological Survey should be consulted. 
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Impurities in Coal consist chiefly of water, ash, sulphur, chlorine, and 
phosphorus compounds. 

The water found in freshly mined coal will usually evaporate if the coal is 
allowed to dry in the air, but excessive exposure should be avoided as oxidation 
changes occur which r^uce the heating power (see p. 19). Coal which is moist 
and stored in closed spaces is liable to become heated in consequence of internal 
chemical reactions of an obscure nature. It must, therefore, be watched to see 
that it does not set itself on fire — a danger to which it is particularly prone on 
board ships. 

The ash, left when coal is burned, is objectionable in some industries, because 
of its reaction with the materials or articles being heated. It varies greatly, both 
in amount and composition, but should not ordinarily exceed 5-8 per cent. In 
all cases a large percentage of ash is objectionable as involving a heavier cost for 
transport, and the necessity of putting a larger quantity of coal on the fire and of 
removing the excessive amount of ash. Some firms insist on the coal merchants 
making an allowance proportionate to these additional costs, when the ash is above 
5 per cent. It is obvious that a coat with 10 per cent, of ash involves an additional 
cost of about 8 per cent, as compared with the same coal containing only 5 per 
cent, of ash. This may not matter on a single ton, but for a firm using only 300 
tons per year it means a waste of 24 tons. 

The sulphur, chlorine, and phosphorus in coal are important in some industries. 
The first and last are objectionable in metallurgical work, and the chlorine is liable 
to cause corrosion of boiler tubes. The proportion of these elements cannot be 
determined by an analysis of the ash as they are to some extent volatile under the 
conditions under which coal is burned. They may be retained by mixing the finely 
ground coal with powdered lime, heating the mixture in a muffle and analysing the 
residue. 

Valuation of Coals. — The usual methods adopted in purchasing coal are crude 
in the extreme, and are based on a failure to recognise that coal is a material which 
should be bought, like Other chemicals, on its composition, or like other forces on 
the work which it will accomplish. The fact that it is a naturally occurring substance 
does not relieve purchasers from the necessity of ensuring that it is of the quality 
they require for their work, nor does it justify colliery proprietors in charging the 
same price for coals of different heating powers. , 

Coal is usually valued by its appearance, hardness and size of particles. What 
is termed “ run of mine ” is the coal which is brought direct out of the pit and 
delivered to the customer, ’ For most purposes, however, the coal is sorted by 
passing it ov6r screens with holes of various sizes. The largest lumps are thus 
separated and are sold at higher prices, though they do not necessarily have a 
higher heating power than some of the smaller pieces. Where the coal is to be 
stacked, it will be wisest to purchase the large lumps, but for ordinary furnace and 
boiler purposes it is more satisfactory to use pieces which are not more than 5 in. 
or less than i in. diameter. These are known by various names in different 
localities, but they are characterised by the fact that most of the earthy material 
(which would form ash) has been removed by screening out the finer particles, 
whilst the necessity of breaking up the unduly large pieces is avoided. Moreover, 
the prices obtainable for the large lumps enable the colliery proprietors to sell the 
smaller pieces at a lower price. 

“Small coal ” is that which has passed through the Snallest screen and contains 
a large proportion of ash-forming material. It is sold at a low price, but is not as 
economical as appears at first sight for it is usually difficult to burn, is tow in 
heating power and contains ash of a nature which is liable to give a great amount 
of trouble. The large quantities of small coal produced have, however, made it-of 
commercial importance, and various ingenious devices have been invented for its 
efficient combustion. Where such can be used, the value of the coal will be deter- 
mined by the cost of installation and maintenance and by the amount of labour in- 
volved in the handling of the ash and the cost of its disposal by tipping or otherwise. 
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In all fuels, the essential characteristic is the heating power under the con- 
ditions in which they are to be used, or under such modified conditions as are 
applicable to any particular case. The value of a fuel should therefore be based 
on this fact, though this is seldom done. The nearest approach to it is the 
comparison of the costs of burning various test samples undgr “ average conditions,” 
but this is, at best, a crude process and depends too much on the idiosyncrasies of 
the fireman to be really reliable. 

Earnest endeavours have been made in various directions to base the value of a 
coal on its calorific power, that is on the amount of heat which it will develop under 
certain experimental conditions. These conditions vary according to the form of 
instrument used, but at the present time it is customary to burn i g. of the coal in 
an atmosphere of oxygen in a closed vessel surrounded by cold water. The coal is 
ignited electrically, the combustion is almost instantaneous, and the heat evolved 
raises the temperature of the containing vessel or “ bomb " and of the surrounding 



iFlO. [. — Mahler-Cwk Calorimeter, 

{Jiy the courtesy of Messrs J. J. Griffin & Son Lid.) 


water. The weight of the bomb and the water being known, the amount of heat 
evolved is measured by multiplying these by the specific heats of the materials and 
by the rise in the temperature of each. 

Fig. 1 shows the Mahler-Cook calorimeter. TTie bomb or combustion chamber is made of 
steel 8 mm. thick, enamelled inside, nickel-plated outside. The oxygen enters through 
a valve in the cover, and the fuel, placed in a platinum capsule Inside the apparatus, is 
surrounded by a very 6ne platinum or iron wire. The fuel is weighed, placed in the combustion 
chamber, the igniting wire is weighed and adjusted, the top is screwed down, and oxygen from the 
oxygen cylinder is then allowed to enter until the pressure gauge registers 25-30 atmospheres. The 
valves are then closed, the oxygen cylinder and gauge are removed, and the bomb is placed 
carefully in an accurately measured volume of water (alwut 2,500 c.c.} contained in a copperdined 
vessel with Ian aluminium covet and stirring gear. A Beckmann thermometer, reading to 
one-hundredth of a degree, is adjusted so that it will read slightly above aero at the temperature 
of the water in the calorimeter. The stirring gear is set in motion, and ten readings are taken 
at half-minute intervals so as to determine accurately (he temperature of the water before the 
combustion. The stirring is then stopped, and the fuel is ignited by passing an electric current 
from an accumulator through the wire. The stirring is then resumed, and the maximum rise of 
temperature of the water in the calorimeter is noted, by taking readings at. intervals of half a minute 
until the maximum temperature is reached. Corrections have to be introduced for the amount of 
nitric acid formed by combustion (wl^ich is determined by washing out the bomb, and estimating 
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volumetrically the nitric acid), the heat capacity of the vessel, etc. ; they ate best ascertained by 
burning i g. of naphthalene, which has a calorinc power of 9667.^ calories per gramme. The true 
maximum temperature is higher than the observed maximum, and should be ascertained by extra- 
polation on a graph. 

Then calorific power required — '^ (W + ^ ) ^o.23«-f r.6/ )^ 

F 

Where T = corrected rise of temperature. 

W = weight of water in calorimeter. 

W’ = water equivalent of apparatus (which must be determined by experiment). 

« = weight of nitric acid produced, /= weight of spiral wire. 

F = weight of fuel used. 


A simpler calorimeter, which consists of a modification, by Rosenhain, of the calorimeter 
invented by Lewis Thomson many years ago, is shown in Fig. 2. It consists of an outer case of 
wood, provided with two windows for ob^rvation purposes. In this case is the calorimeter 
vessel containing a weighed or measured amount of water, and in the water (when the apparatus 
is in use, but shown at the side in Fig. 2) is the combustion chaml>er, consisting of a glass 
cylinder closed at the top and bottom by brass plates, the 
upper plate carrying the electric ignition apparatus, a holder 
fur the sample oi fuel, and a small tube through which 
oxygen can be passed through the apparatus. A ball- valve 
permits the oxygen and gaseous products of combustion to 
escape and bubble through the water, but prevents any 
water entering the combustion chamber. Exactly 2 g. of 
the sample are placed in a small silica dish in the holder, 
the combustion chamber is lowered into the water, and 
oxj^en is passed through the apparatus. The fuel is 
ignited electrically, and when combustion is complete the 
passage of the gas is continued until a maximum temperature 
nas Men reached in the water. No stirring of the water 
is needed, as the mixing is effected by the gases bubbling 
through it. The temperature reached by the water is then 
used to calculate the amount of heat developed in the com- 
bustion of the given weight of fuel. The loss of heal due 
to that absorbed by the instrument, escaping gas, etc., is 
determined by burning a standard fuel which has been 
tested under stringent conditions. 

In the Roland Wild calorimeter the combustion of 
the coal is effected by mixing the fuel with sodium per- 
oxide, and starting the combustion by mean.s of an elec- 
trically heated wire. 

It is obvious that, no matter how accurately 
the determination is made, the result obtained 
can supply no information as to the useful value 
of the coal in an ordinary boiler or furnace where 
the' conditions of its combustion are entirely 
different. In fact, the calorific power of a coal 
merely shows the maximum heat which can be developed by its combustion under 
the most favourable conditions. It is not surprising, therefore, that coals valued by 
this method do not agree with the results of actual experience when the same coals 
are burned in boilers or furnaces of standard design, and unfortunately there is 
no means of correlating the two. As furnaces are improved, the discrepancies arc 
materially reduced, but even with the best furnaces now in use there is no clearly 
established relationship between the calorific power of a coal, as determined in a 
calorimeter, and the amount of heat actually available in a furnace or boiler. It is, 
indeed, very questionable whether such a relationship will be found, for the 
conditions in each case are so different. Consequently, the calorific power of a coal 
is only of value in sorting out coals of different qualities, and it cannot be used to 
determine which of two similar coals will be most satisfactory in a given boiler 
or furnace. 

The nearest approach to the calorific power, as ascertained in a calorimeter, 
is obtained when dry coal dust is burned in a special form of injector (see 
Section IV., p. 4a). 
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The following table sho^ the caloiiiic powers of a number of fuels and 
fuel constituents 

Cauorific Power of Various Fuels, 


1 

Calories. 1 

B.T.U. 

1 Carbon soUd to carbon dioxide 

S,o8o 1 

t 4 i 554 

Carbon gaseous to carbon dioxide • 

ii.jfiS 

zo,3kfi 

Carbon to carbon monoxide 

2,416 

4 . 3 SO 

Hydrc^en 

34.180 

61.524 

Marsh-gas (CHJ ..... 

13.349 

24,021 

Ethylene (CgHj) ..... 

11,823 

21,343 

Sulphur 

2,220 

3,996 

Wood (air drietl) ..... 

2,900 

5,220 

Wood (stove dried) .... - 

3.750 

6,750 

Peat (air dried) ..... 

3,600 

648 

Teat (stove dried) - ... - 

5,000 

9,000 

Steam or furnace coal .... 

7,800 

1,404 

Inferior coal ..... 

7,000 

14,400 

Anthracite • - ... 

8,000 

12,780 

Coke • - - • " • 

7,100 


Attempts have also been made to estimate the value of a coal from its 
composition, and various formul® have been devised with a view to calculating the 
calorific power from the composition of the coal. These calculations cannot be 
quite correct as the)' are based on several erroneous assumptions ; for instance, it is 
assumed that the chemical compound is the same in all coals, that the elements 
evolve the same amount of heat as if they were burned in the free state, and that the ' 
combustion of the carbon is complete, only carbon dioxide being formed. 

The most frequently used of these formulte is a modification of that of 
Dulong, viz; — 

Calorific power = i'^’ - jO. VJ] R M,5 . 44 g q- y. 

100 

Calorific power^ r/ s g: ^ calories.' 

lOO 

In many instances this formula agrees with the results of a* calorimetric test, but this is of small 
value to the actual user of the coal, for the reasons already explained, and consequently the results 
of an analysis of the coal are of similarly small value. The chief value of an analysis is that it shows 
the proportion of deleterious substances present, and so enables coals high in ash and bi un- 
available hydrogen, etc. , to be distinguished from others. It does not enable the actual value to the 
user to be determined in several coals of different origin and texture, but of similar composition as 
regards the proportion of ash, carbon, hydrogen, and oxy^n. 

Unfortunately, there is no reliable method of determining the relative value 
of two similar samples of coal, so far as the usef is concerned, and the best 
that can be done is to gain what small information is to be learned from the 
data already mentioned. There is, however, another method of analy.sis which 
will often serve to differentiate between two fuels of similar ultimate composition 
but of different characteristics, namely, the determination of the proportion of 
volatile matter and of coke left when the coal is heated in a closed vessel into 
which no air can enter. The test is ordinarily carried out in a crucible, the 
lid of which is lightly luted on, the crucible with its contents being exposed 
to the heat of a Bunsen burner for a definite time (with a crucible of 30 c.c. 
capacity, containing t g. of coal in the form of powder, it is usual to allow half 
an hour’s teatiiig). As ordinarily carried out, the coking test is a very crude 
one, and the same coal will yield widely differing results on different occasions, 
if the' conditions are not precisely similar. It is, therefore, necessary to 


' A British Thermal Unit ami a Calorie are defined on f. 45 . 
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standardise the method of procedure. It is the present writer’s practice to carry 
out this test in the following manner so as to eliminate as many variable 
factors as possible : — 

The crucible used bus a capacity of 30 c c., and is made of silica or porcelain. It is provided 
with a Rose’s lid with a pcacelain tube, so as to convert the crucible into a small retort. The 
sanople is reduced to powder, and exactly 5 g. is placed in the crucible. If the lid fits well there is 
seldom any need for any luting, ptovidM the heating is not too rapid. The coai is then ignited 
by heating the crucible with the full 'heat of a Bunsen burner for a few seconds, hut as soon as 
combustible gas is produced, and issues from the tube in the lid of the crucible, the burner is removed, 
and a very small Bunsen burner is substituted. The gases issuing from the tube must pass out at such 
a rate that they can be ignited by a small flame held to the end of the tube, but not so rapidly that 
they will continue to burn when the flame is removed ; this means a slow but fairly constant 
development of gaseous matter. Wlien the inflammable gases have ail been distilled off, the 
crucible is heated with the full flame of the original Bunsen burner for exactly one minute, after 
which the crucible is cooled and its contents are weighed. It is seldom necessary to weigh 
the lid of the crucible, or any tarry matter adherent to it. 

This method is admittedly crude, but it does give the user of the coal some 
indication of its nature which is not otherwise obtainable, and in various forms 
this test has long been used by purcitasers of large quaiiiities of coal for 
industrial purposes. 

Indeed, in spite of its crudeness, the following well-known scheme of assay 
is still the best for the general valuation of most furnace coals ; — 

Determination of the percentage of asli. 

Determination of the fixed carbon per cent. (This is the residue in the crucible, as described 
alxrve.) 

Determination of volatile matter per cent. (This is the loss of weight when the sample is heated 
in the closed crucible as described above.) 

An examination of the coke and of the ash is valuable in some instances, and fur special 
purposes a determination of the proportion of sulphur, chlorine, etc., must be made. It is also 
important to observe whether the ash is pulverulent or partially fused (clinker), as the latier increases 
the labour of the firemaa, and tends to cause imperfect combustion when the coal is burnt. 

The length of flame, the amount of gas, and other special properties of a coal must be 
delcrmined by special tests, usually on a scale which is too large for the ordinary laboratory. 

The calorific intensity of a solid fuel is an expression used to indicate 
the maximum temperature which the fuel can develop when burned under ideal 
conditions. This is quite different from the total heat evolved and has no simple 
relation to the latter. It is a purely theoretical expression, as the temperatures 
it represents can nevdr be obtained in practice by the combustion of solid 
fuels. If the fuel could be burnt with exactly the right amount of oxygen, 
under such conditions that Ihe combustion was quite perfect, and that no loss 
of heat occurred on account of the conductivity of the walls of the \'e,ssel in 
which the combustion occurred, the calorific intensity would have an experi- 
mental value, but as it is, it is deduced theoretically by multiplying the 
theoretical weight of the products of combustion of the elements of the fuel 
by their respective specific heats and dividing this product into the calorific 
power as determined in a calorimeter. 

The calorific intensity of i lb. of carbon is 10,170” C., and that of hydrogen 
is 6,660" C., the' figures given being the rise in temperature above the melting 
point of ice in each case. 

According ' to Haase the highest temperatures attainable experimentally are, 
for carbon 2,400' C., and for hydrogen 3,140” C., though the dissociation of 
water at high temperatures reduces the maximum temperature of hydrogen 
to 2,000' C. in actual work on a large scale. 

The calorific intensity or pyrometric heating effect (as it is sometimes termed) 
is, therefore, otily of use as a theoretical standard, quite unattainable in practice, 
with which' actual results of combustion may be compared. Its actual value, 
even as a standard, is exceedingly small at the present time, as the difference 
between it and the attainable results for solid fuels is much too large. With 
gaseous fuels the expression has a greater value on account of the more.complete 
combustion obtainable with gases (see pp. 44'4ff)' 
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Cleaning; Coal.— The. small particles of coal, as already explained, are usually 
separated from the larger ones by means of screens, and by removal of the larger 
pieces by hand-sorting and classification according to appearance, but this method 
of working results in the production of large quantities of fine material Which is 
comparatively rich in coal dust, yet contains too much ash.to be used satisfactorily 
as a fuel. Cleaning processes also permit the removal of the coal from shale con- 
taining seams of coal which are too thin to be worked separately. During recent 
years many attempts have been made to recover the coal from this earthy mixture, 
and various methods of separation have been used. In some localities there is 
a definite demand for small coal recovered in this manner for direct use as a fuel 
in cement kilns, etc., hut the greater part of the small coal thus obtained is converted 
into coke, for which it is fully as suitable as the larger pieces. Not only is the 
coal recovered from such a material, but the pyrites may also be separated, and this 
has a distinct marketable value. The methods of separation may be arranged in 
three groups : {a) separation by special grates, (b) separation in the wet way by 
jigs, and (r) separation by centrifugal action. 

The first of these methods has the advantage of keeping the coal dry. It is 
based on the fact that most of the coarser impurities in coal are relatively heavier 
than the coal itself, and that they will travel less rapidly along plates with a 
vibratory motion. These plates or troughs are made of metal, and are mounted 
on flat springs in such a manner that they can be given a slow forwards and a 
sharp backwards movement, whilst at the same time they are sufficiently elastic 
to vibrate in a vertical direction. By making the troughs very long, it is possible 
to separate a large proportion of the earthy material simply because it travels at a 
different rate of speed. This method only effects a rough separation. It has been 
improved by making the troughs into grates, fonned of long bars (riffle bars) along 
which the dirty coal travels, the dirt falling through the grates, whilst the coal 
travels along to the end. The seiraration is, in this case, based on the tendency 
of the earthy material to be of a flaky character, and therefore able to fall through 
nanower slots than the particles of coal of the same volume, owing to the latter 
being more spherical in form. For very fine coal this process is unsuitable. 

Treatment by washing is effected in various ways ; one of the be.st consists in 
using classifying jigs similar to those used for dressing ores. Several firms make 
machines of this type, each having some distinctive advantage over the others, so 
that befbre installing any one of them it is necessary to mkke extensive trials with 
the coal it is desired to treat. 

The principle on which this method of separation of the coal from the earthy 
materials in the slack depends, is based on the fact that the rate at which particles 
of solid matter settle in water depends on their size and density. If the particles 
are all of the same size they will sink in proportion to their density, the heaviest 
falling first, whilst if they are of the same density, the rate of deposition will depend 
on the size, the largest sinking first. 

Strictly speaking, the shape of the particles also exerts an influence, as thin fiat pieces sink 
more slowly than spherical ones of the same volume, but this is neglected in coal washing, as the 
difference in the density of the coal and the dross is sulliciently great for the shape of lire 
particles to exert only a small influence. • 

According to Riuinger’s experiments for approximately spherical particles : 

V=i.28'v'D(d- I) 

when V = the velocity of deposition in feet per second. D=rhe diameter of the mrticles (usually 
the diameter of the holes in the riddle is taken as D), and rf=the specific gravity of the material. 

As the size of the particles is important, it is necessary for a clean separation 
that all the particles should be as uniform in size as possible ; this is effected by 
the use of screens or riddles of different meshes, the smaller particles being treated 
in a different jig from the coarser ones. 

the water is given an upward flow, the rate of fall will be diminished, and by 
this means the lighter particles can be carried away from the heavier ones. If the 
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water has a horizontal flow, the lighter particles will be carried forward in the 
direction of the flow. 

Two types of wa,shing machine are therefore possible ; (a) long troughs through 
which the material is conveyed by means of a stream of water of known velocity, 
the coarse and heavy ihaterial (dross) being removed at one end of the trough, 
whilst the coal is carried away at the other end, and (b) jigs in which the water is 
contained in compartments, and is given a vertical or centrifugal movement. The 
second type of washer is by far the best for the treatment of coal, whilst the troughs 
or separating tables are more suitable for certain ores, or for a preliminary treat- 
ment of the coal. One of the best of the first type is the Blackett Washer. 



This consists of a long cylinder, at an incline of about i in lo, and rotated 
about nine times per minute. The inside of the washer is fitted with a spiral like 
the thread of a female screw, with the result that when the washer is in use the 
heavier particles of “ dirt ’’ travel up the cylinder and are discharged at the top, 
whilst the lighter particles of coal are washed over the spiral by the down-flowing 
water and are discharged at the lower end of the cylinder. When skilfully 
adjusted to suit the coal to be treated this gives an excellent separation of coal 
and dirt. 

In Robinson's washer (Fig. 3) the water and coal enter at the bottom of a funnel-shaped vessel, 
and flow out at the top. A horizontal frame rotates about a vertical shaft in the funnel, and a 
series of vertical tods or stirrers depend from it. The water is therefore kept in a state of rotary 
p well as vertical motion, and the coal is carried away over the top of the washer, whilst the dross 
•is removed at intervals from the bottom. This arrangement is somewhat crude and does not give 
nearly so good a separation as the more modern jigs. 
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These jigs have recently untieigotie considerable improvements, and the most modern ones 
ettect a much sharper and more salisiactory separation than did the older ones. In the early lotms 
of iis, there were two compartments, connected tt^ether at the base. In one of these was a 
pluimer which forced the water downwards, so that it passed into the next partttion and flowed 
upvrards therein in a steady stream. In the more modern jtggers this plunger has been replaced 
by other devices. Thus, in Baum’s classifier (Fig. 4) there ate two ar tMte compartments, each 
divided horirontally by means of a fine gauze. The compartments are filled with water which is 
given a rising and falling movement bv means of compressed air applied to its sur^eby mrans 
of a series of valve-controlled pipes. The coal to be treated Hows in at one end of the machine 
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Fig. 4.— Baum’s Coal Washer. 

and is washed by the moving water acting under the influence of the compressed air. The h«vy 
mineral particles accumulate near the inlet, the medium pieces near the outlet, and the line dust 
passes tluough the gauze into the trough below. The coal, lately freed from mineral mat er,- 
Sees away through the outlet of the machine and may be treated in a sul^uent compartment or 
sent direct to the drying plant as desired. The drawhack to this machine and of all with two 
compartments, lies in the irregularity of the flow of the water. This is overcome and a simplifica- 
tion in the design of the machine is effected by placing the plunger directly under the gnd so 
that the materiJ will pass uniformly through every portion of the^Uer. By this means Baum 
secured several advantages, and in his washing jig the piston slop« towards the outlet, the 
piston-rods o{ a series rf jigs being connected in pairs to a bwm driven by an ecc^tric. The 
mthdrawal of the product from neighbouring washers is effected in the ordinary manner by valve-, 
i W^rolled pipes. The jigs work reciprocally : as a piston in one section rises and forces the water 
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uniformly through the grid, the piston in the next chamber falls, agd the combined action delivers 
the sluriy to the next jig for further treatment,' the action of the hrst piston assisting the second, 
so that the machine requires very little power to drive it. 

, Among other advantages to be derived from using Baum's washers, the following deserve 
specif attention :<>- 

1. The most complete use>of the available space, on account of there being no separate piston 

chamber. The whole of the interior of the washer is used for. dressing the material. At the same 
time the washer is simple, strong, and inexpensive. ^ 

2. An absolutely uniform action over the whole surface of tltf ^id is secured as the piston lies 
directly under it, and for this reason the water is forced throujSi the grid with perfect uniformity 
througn each part 

3. The washing is highly efficient, because the ore Is treated uniformly over its whole surface 
thrbughout the whole period of treatment. 

4. The construction is very simple and the durability of the washer is thereby assured. 

5. The washer operates extremely easily, thereby saving power. 



Fig. 5. 

Scliuchlermann. and Kremcr’s Jig. Fic. 6.— Air Separator (Selcktor). 


6. The movement of the material is efficiently and easily effected. The fine |)articlcs fail 
through the grid on to the sloping piston, and the finest of these are washed off by the movement 
of the water. 

7 - For the same space they have double the output of ordinary jigs. 

8. There is a marked reduction in first cost, as the saving in sj^ce not only lessens the cost 
of buildings, but also greatly reduces the expenditure on troughs, pipes, channels, and shafting. 

For fine coal it is often convenient to use a coarse grid and to place a layer 
of spar on it This acts as an efficient sieve which does not choke so I'eadily as 
one made of metal with small perforations, as the specific gravity of the felspar and 
dirt in the coal is almost identical, so that when they are raised by the downward 
motion of the piston in the jig they both settle at approximately the same rate. 
The “dirt’^thbs becomes enmeshed in the felspar and gradually falls through it 
into the bottom of the jig. Fig. 5 shows a section of Schuchterraann and Kremer’s 
jig for fine coal, a being the piston driven by the eccentric dy whilst b is the 
partition which partially separates the piston chamber from the settling chamber 
which contains the grid c. 

Separation by cen^fugal action may be effected either by a dry or wet 
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process ; the former consists in allowing the dirty coal (which must be fairly dry) 
to fall on a rapidly rotating plate in an “air separator” (Figs. 6 and 7). The 
particles are driven oF this plate at a speed which depends upon their size and 
specific gravity, the denser particles travelling the farthest. Receiving chutes are 
placed at convenient distances from the rotating plate, and a separation is effected 
in a simple manner, though it is by no means quantitative. ' lit the wet process, the 
dirty coal is fed with a sti^m of water into a rapidly revolving vertical cylinder 
provided with vertical paddifes which rotate at a slower speed. The combined 
action of the paddles and the cylinder is to effect a separation accordfng to the 
density of the particles, the lighter coal adhering to the walls of the cylinder, 
whilst the dross flows out of the machine (Gee’s patent). 

This device has been found lo give a more complete separation than any of the foregoing 
methods, but it is still in a development stage, and depends on the coal being in the form of a 
powder. The ingenious manner in which the action of gravity is magnified about a hundred times 
in this machine renders it worth the attention of colliery owners and others interested in the 
separation of minerals of widely different specific gravity. 

When the coal has been cleaned by the aid of water it must be drained of its 
adherent water ; this is usually effected by passing it over fine grids with a vibratory 
movement, so that they act simultaneously as conveyers and yet permit the water 
to flow away from the coal without losing any of the latter. The drying of coal 
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h'ut. 7.— Separator Plates in Selcklor. 




dust is a more complex matter, and is usually effected in rotary drums through 
which a current of warm air is caused to circulatfe. Whfre coke ovens exist on 
the site of the washing plant, the waste heal from them may be utilised in this 
manner, and the powdered coal (if of a suitable quality) may be employed for the 
manufacture of coke. 

Pbepared Solid Fuels. — These arc produced from the foregoing solid fuels 
by methods of consolidation in which the volatile matter and water in the natural 
fuel is removed by heat, the resulting product being richer in carbon and poorer 
in hydrogen than the material from which it is made. A different method of 
preparing solid fuels, in which the natural properties of the original fuel are largely 
retained, consists in the formation of briquettes by the action of pressure. This 
is described in detail in .Section II., p. 2t. 

The chief prepared solid fuels (apart from briquettes) are charcoal, charted 
peat, charred lignite and coke ; these are all produced by heating the raw fuel 
under such conditions that only a limited amount of combustion can occur, the 
essential feature of the process being the distillation of all the volatile matter 
without the combustion or removal of other carbonaceous matter. 

Charcoal is prepared by heating wood without access of air. It was at one 
time an important metallurgical fuel, but is now used to only a limited extent. 
The amount produced depends to some extent on the nature of the wood, and on 
the construction of the kiln or other arrangement in which the wood is heated, but 
it seldom exceeds 25 per cent of the weight of the original wood. 


SOLID FUELS 


i; 

Charcoal is prepared in the South of England by arrangii^ the logs of wood almost vertically 
around a central shaft or chimney, and covering the pile thus obtained with sods or turf. Each 
heap is usually 6 ft. or more in diameter, and 8 ft. high. The central chimney is made of three or 
four iTpright j^les kept a suitable -distance apart by cross-pieces. This chimney is fillai with dry 
brushwood, and a ring of similar brushwood ts placed around the base of the pile, just beneath the 
cover. The brushwood in the centre of the shall Is ignited, and is fed with more brushwood until 
it is welt alight. The opening'above it is then covert with turf. As the heat spreads throughout 
the pile it drives off the water, which escapes partly as steam and partly in the form of drops of . 
water around the outer edge of the pile. When this “sweating stage ” is complete two series of 
openings are made in the pile; the lower one, near the ground, is for the admission of air, and the 
upper one, about half way up, is for the exit of the gases formed. At first the smoke which comes 
out of the upper holes is strongly coloured, but in due course it diminishes, and finally l^ecomes 
almost invisible. This is a sign that the hydrocarbons are almost oimpletely volatilised, and that 
carbonation in one part of the heap is complete. The upper openings are therefore closed, and a 
fresh series is made lower down. These operations are repeated until the whole of the heap is 
properly cartenised. The heap is then left for a few days, and is finally taken to pieces and 
quenched with sand or water. The opening is best performed at night, as it is then easier to 
observe the sparks. 

In some parts of the Continent (notably in Scandinavia) the heaps are rectangular in shape, and 
bear a close resemblance to the clamps us^ in this country for burning bricks. 

In each case it is necessary to exclude air wherever it is not required, and as the volume of the 
heap is reduced during the burning, the cover must be repaired from time to time. 

• Considerable skill is needed in the erection of the piles and in the control of the burning, if a - 
good yield is to be obtained. An unskilled burner will only produce 15 per cent, of charcoal, 
whilst a skilled one will obtain a yield of about 25 per cent. 

Charcoal is also burned In kilns similar to those used for burning lime [q.v.\ this method 
having the advantage that the rain does not interfere with the burning. The argument that the 
cost of the kiln is less than that of providing a turf cover may be apposite in a country like America 
—where kilns for charcoal are chiefly used—but the few investigations made in England seem to 
show that if a charge is made for interest on capital and for the depreciation of the kiln, little or no 
advantage is gaine<l in this country. If the kilns are arranged in series so that the waste gases, due 
to the decomposition and distillation of the hydrocirbons, may be used in heating up subsequent 
kilits, there is a distinct gain in employing permanent structures. This is the essential feature of 
the Pierce process now largely used in the United States. The kiln is charged with wood and 
closed. It H then heated with gas from another kiln, and the gases and tarry matters evolved are 
passed through condensers for the recovery of the by-products. The gas, being incondensible, is 
available for use in another kiln. There Is usually more gas than is actually needed for the charring, 
and this can be profitably employed in heating boilers for the production of power for other 
purposes. Sixteen kilns form a convenient unit, each kiln being about 30 ft. in diameter and 12- 
16 ft. high. 

The charcoal produced in these kilos is somewhat denser than that burned in clamps or heaps, 
and weighs about 20 Ihs. per bushel, as compared with 16 lbs. for ordinary charcoal. Some users 
object that it is not as good in quality as the charcoal burhed in the older method, but it is difficult 
to decide impartially on this matter, the experimental data available being insufficient for this 
purpose. 

In Great Britain the bulk of the charcoal now produced is a by-product obtained 
in the manufacture of acetic (pyroligneous) acid. For this purpose the wood is 
heated in iron retorts, and the volatile acid and other products are distilled off and 
collected by condensation. The charcoal so produced is very inferior, because 
the wood used and the conditions of distillation are such as will secure a large 
yield of the various by-products desired, little or no attention being paid to the 
quality of the charcoal. This method is very similar in principle to that devised 
by Pierce and described above. The plant employed is fully described in 
Martin’s “ Industrie Chemistry : Organic,” p. 323 <■/ seg. 

The production of sawdust and other waste wood .has led to niany devices being patented for 
its efl^ive utilisatioD. It cannot be made into a g<o^ charcoal as it does not bind well blether, 
and if used in the raw state as a fuel it gives off an inconveniently large amount of water. The 
manufacture (ff briquettes of charred woc^-waste is not a satisfactory solution of the problem 
as these briquettes are too dense to burn properiy. The addition of resin or tar as a binding 
material is t<M expensive except for the manufacture of firelighters. Apart from the direct com*^ 
hustioD of the wood in spedally devised fire-boxes, it is best utilised by distillation in iron retorts 
provided with an ihternfu spiral conveyer ; this permits the lecovery of the volatile products, and 
the low charcoal cap usually be sold at a price which leaves a slight margin 01 profit. 

There have hem many patented arrangements for the production of charcoal from sawdust, but in 
no case is ffie resulting ^arc^l of much value; the only way is to utilise the by'{:uoducts and regard 
thCM 14 the main source of any profit which may accrue &om the process of charring. 

VpL.T.««2: ’■ 
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The properties of ehttrcoal as a fuel depend on the special manner in which 
it burns, and on the freedom of its ash from deleterious substances. Carefully 
prepared charcoal should show distinctly the characteristic markings of the wood 
from which it has been produced. If should be sufficiently hard to resound when 
struck. It should ignite readily, and when once glowing it should continue to 
burn until it is completely consumed. It should be noted, however, that the 
temperature at which charcoal ignites is dependent on that at which it has been 
prepared. 

The ready combustion of charcoal is, in part, due to the porosity of the 
material, as air is able to enter freely into the pores. Some idea of its porosity may 
be gained from the statement that the specific gravity of charcoal is only 0.2, 
whilst that of the same material. When the effect of the pores has been excluded, is 
about 2.0. This great porosity gives charcoal its valuable property of absorbing 
gases such as ammonia and sulphuretted hydrogen. 

When burning normally, charcoal simply glows, but when combustion is forced 
it burns with a blue flame and forms large quantities of carbon monoxide (CO), the 
flame being really due to the combustion of this gas and not to the charcoal itself. 
On account of the cleanliness of the flame and its freedom from smoke, charcoal 
is a valuable fuel in metallurgy, and particularly in the reduction of metallic ores, 
but its use is confined to blast furnaces, where it heats by direct contact, as the 
flame is too short for its satisfactory use in reverberatory furnaces. Unfortunately, 
it is too friable to be used in large blast furnaces, as it is crushed by the weight of 
material above it. For this reason it is only used to a limited extent, its place 
having been taken by non-coking coals. 

The burning of charcoal in open grates is objectionable, as the carbon 
monoxide (CO) produced is very poisonous; ample draught facilities must 
therefore be provided. 

Details of the distillation of wood and the substances obtained thereby will be found in 
Martin’s “ Industrial Chemistry ; Organic,” p. 323 etseq. 

Peat Charcoal is of no commercial value as a fuel, though many attempts 
have been and are being made to produce a good charcoal from it at a remunerative 
rate. None of these methods can be regarded as successful, inasmuch as the 
charcoal produced cannot compare in either quality or price with other forms of 
solid fuel in Great Britain. 

Coke is the residue obtained when coal is heated in closed retorts without access 
of air. The methods of its manufacture have been outlined in Martin’s “ Industrial 
Chemistry : Organic,” p. 390, and coke ovens and furnaces in Section V., on p. 51, 
but it must be remembered that where the coke is regarded as the chief product of 
the distillation of coal, the conditions will differ from those in which tar and other 
by-products or coalgas are the primary object of the distillation. Generally 
speaking, the better the quality of the coke, the poorer will be that of the gas and 
by-products and vice versa, and it is technically impossible to obtain first-class coal- 
gas of a high calorific and illuminating power and a large yield of valuable 
by-products from a single distillation ; one,or more of these substances will suffer in 
quality or quantity according as attempts are made to improve the quality of the 
others. 

The properties of coke vary greatly according to the manner of its preparation 
and the nature of the coal from which it is made. Coke used for furnace work 
must be sufficiently strong to bear the weight of the ore or metal above it in the 
furnace without crushing. Good coke for blast furnace work should have a crushing 
strength of about 1,000 lbs. per square inch, though this is greatly reduced when the 
coke becomes hot. Its apparent density varies according to the manner of its 
production, but is usually about 0.9 or a little higher when produced in the 
more recent types of coke oven ; this corresponds to about 50 per cent, of pores 
in the coke. 

Coke contains all the ash of the coal from which it has been derived, less a 
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small proportion which has been volatilised, and it has therefore a higher proportion 
of ash than the original coal. Whilst varying greatly in composition, good coke 
for furnace work should not contain less than 85 per cent, of carbon, and its ash 
should not exceed to per cent. ; the lower the proportion of ash the better will be 
the coke. Selected samples frequently contain as much as 95 per cent, of carbon 
and only 4 per cent, or even less ash. 

Gas coke may be improved greatly by washing it in a similar manner to coal (p. 12). By this 
treatment the poorer qualities of coke breeze may be converted into coke worth over ;^i a ton 
at a cost of about qd. per ton treated. The greater part of the impurities removed by washing is 
shale and dust. / 

Coke for blacksmiths’ forges and for heating in fire-boxes need not be so pure 
as that used for blast furnace work, as the crushing is not so great and the effect of 
the coke on the product to be heated is less important. Hence the coke sold 
as a by-product by gas companies may be used with advantage. 

Coke is an excellent fuel where it is required to heat by contact or radiation, 
but it has so short a flame that it cannot be used for reverberatory furnaces and for 
some kilns. It is difficult to keep alight, but when once fully burning, it gives off 
a greater heat than the same weight of coal. It is specially useful for heating air, 
where the latter is used for warming or drying goods, as it burns free from smoke 
or soot; it is also used for heating crucibles and other articles requiring a 
direct heat. 

The sulphur in coke is frequently considered an objection to its use, but if 
the coke is made from suitable coal it will not necessarily contain more sulphur 
than the original coal. The most satisfactory means of keeping the proportion of 
sulphur low is to wash the coal before use and to quench the coke by drenching 
it with water whilst in a red-hot condition. This treatment causes an evolution of 
some of the sulphur as H^S. Many other methods have been suggested for 
removing the sulphur completely, but none have been successful. 

Coalite is a material made by imperfectly coking coal, so that it ignites more 
readily than coke but burns with less smoke than coal. It has been extensively 
advertised, but has not met with the general use its promoters expected of it. Very 
similar results may be obtained by the use of a mixture of equal parts of small coal 
and crushed coke. 

Briquettes are made by compressing a mixture of coal dust and pitch or tar 
into blocks or bricks. Such briquettes bum similarly to coal, but do not keep 
alight so readily (see pp. 21-24). 


The Weathering of Fuel 

The value of fuel is usually diminished by exposure to the weather, as some of 
the more readily oxidised constituents are converted into gaseous products, which 
escape, or into less combustible ones, which make the fuel difficult to ignite and 
reduce its calorific power. 

Wood, when freshly gathered or cut, is improved by exposure to dry air, as much 
of the moisture present then dries out, rendering the wood easier to ignite and 
removing a large amount of the heaf-ab.sorbing water. When the wood has become 
thoroughly air-dry, however, further exposure will usually do harm rather than good, 
as oxidation of the more readily ignitable constituents then occurs. 

Coal is spoiled by too long a stqrage, even in a dry and warm place, as under 
such conditions the air between the particles is able to effect sufficient oxidation to 
bring about such a rise in temperature as may set the whole mass of coal on fire. 
This is particularly liable to occur in the holds of ships, and in large silos in which 
coal is stored with a limited supply of air. It is known as the spontaneous 
combustion of coal. Precisely what occurs is not known, but investigations 
have indicated that the more readily oxidisable hydrocarbons are the most affected, 
for though the weathered coal loses more hydrogen than carbon, the effect on 
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the ignition temperature suggests that the greatest action occurs in connection with 
the lighter hydrocarbons present 

The best means of preventing this oxidation is to allow plenty of ventilation 
and to keep the coal as cool as possible. It has beenTound that boring large holes 
into the coal heap will often prevent serious damage, by supplying so much air that 
the fuel is cooled and kept bdow its ignition point 

Coal rich in pyrites (FeS^) is particularly liable to spontaneous ignition if kept 
in a moist state, as the sulphur in the pyrites oxidises readily under such conditions, 
with a marked evolution of heat. So also are coals which are stored in, warm and 
unventilated places in which the coal is subject to a rocking movement, such as in 
the hold of a ship. By packing the coal tightly and securing ample ventilation, the 
damage by storage is greatly reduced. , 

Coal which is stored in the open air and welted by frequent rains followed by 
intense sunshine— as in semi-tropical countries — is especially damaged by such 
exposure. The damage is lessened by covering with a roof, so that the coal may 
be kept dry and shielded from the direct rays of the sun. 
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SECTION II 

THE MANUFACTURE OF 
BRIQUETTES 

By the late Major J. l^uis Foucar, B.Sc. (Lond.) 
LaU Assistant- Manager to the Bed on Gas Works 
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G. Franks. B riquetting.'’ London, 1912. 

P. B. Bjon.iNO.—“ Briquettes and Patent Fuel.” I.ondon, 1903. 

Briquettes consist, essentially, of coherent masses of uniform size made 
by the application of pressure to any powdery material placed in a suitable 
mould, with or without a binder. 

Briquetting is extensively employed for the utilisation of dusty ores and of 
flue dust from blast and other metallurgical furnaces, and for metal turnings 
and borings. The process is usually cheaper than the nodulising-sintering method 
referred to under Sulphuric Acid. The vast accumulations and deposits of such 
residues pyrites, dust, cinders) and ores, formerly useless, are now being turned 
to good account. This article is only concerned with the manufacture of fuel 
briquettes. ' 

Briquettes possess many advantages over other fuel ; of these the following are the most 
important: (l) They burn better and more evenly, {2) they occupy less space in storing (5-10 
per cent.), (3) they usually possess a higher calorific value, (4) the material is of uniform size, with 
a resulting higher heat efficiency, (5) good briquettes of the proper shape disinlcgrale less easily 
than the coal from which they are .made. The chief difficulty is the cost of manufacture. The 
slack from which they are usually made is only some 3s. to 5s. per ton cheaper than the 
corresponding coal, so that only a small margin is left for working expenses — is. 6d. to 2s. per 
ton — and the cost of the binder, 2s. to 4s. per ton. Owing to the heavy demand for coal-tar pitch 
as a road-binder the price has very much increased (from under per ion in January 1909, to 
over £2 in J^uary 1914) ; there would therefore appear to be much room in this industry for 
further experiment and invention. Experiments seem to show that with greater pressure less 
binder new be employed, and that by suitably modifying the temperature the same result may be 
obtained. Good briquettes are said to have been recently obtained by the U.S. Bureau oF Mines 
without the use of a binder. 

Also Nigerian coals have been successfully briquetted without the use of binders. The process 
is to heat the material to a sufficient temperature, and while of exactly the right degree of 
temperature, to apply a heavy pressure. The process requires expert manipulation of the 
temperature and plant, but for certain kinds of coal it is especially efficient. 

Binders. — A great variety of binders have been tried including water-glass, 
molasses, starch, blast-furnace pitch, wood-tar pitch, sulphite pitch, water-gas pitch, 
petroleum pitch, asphalt, wax tailings, various kinds of tars, naphthalene, creosote 
and other oils. Of these only coal-tar pitch has been us^ to any great extent, 
by far the bulk — perhaps over 95 per cent.— of that produced being employed in 
the manufacture of “patent fuel.” 

The pitch has to be fairly hard as it will otherwise cake tc^ether in the ship’s 
hol 4 clog up the pitch crackers qs melt in the fire and run out of the fuel before 
intumi^cefice takes place, resulting in the disintegration of the briquette. It 
should, however, be as low as possible in ash, free carbon, and non-volatile matter 
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(ash and free carbon + coke) as is consistent with the requisite hardness. A 
typical coal tar pitch should give 

Ash not exceeding 0.5 per cent. 

Softening point, 6o“-75° C. 

Soluble in aniline or pyridine bases, 70-75 per cent. 

Volatile matter, not less than 55 per cent. 

Free carbon, about 30 per cent. 

Process of Manufacture. -^Fig. I shows a Yeadons’ briquette machine, 
and Fig. 2 the arrangement of plant. The pitch, broken small in a “pitch cracker” 



Fig. 1.— Yeadons’ Briquette Machine. 

(a, Fig. 2), is fed along with the slack coal into a “mixer” (3, Fig. 2), where 
the proper proportions of the two materials are accurately measured. The materials 
then fall into a disintegrator (4, Fig. 2), where they are ground together to 
the proper fineness,' 

This ground material (coal and pitch) is then elevated and delivered into a 
"vertical heater” (7, Fig. 2 ; see also Fig. i) where, in its downward passage 
through the same, it is subjected to the action of superheated steam, of a suitable 
temperature, by means of which the pitch becomes plastic and adhesive. This 


’ 50-60 per cent, should be retained by a ^-in. mesh; the particles should not he too 
unilbrm. 




THE MANUFACTURE OF BRIQUETTES 23 

“heater” is fixed just above the briquette press (8), which is fitted with a 
vertical mould plate with intermittent motion, haying often eight moulds in it. 

At each stroke of the machine the plastic material is pushed by a horizontal 
ram into one of the moulds. When the full mould reaches the other side (the 
mould being in intermittent motion) the material is powerfully compressed from 
both sides simultsineously by two rams working horizontally. A minimum 
pressure of 2 tons per square inch on the surface of the briquettes is thus 



Fig. 2.— Arrangement of Coal Briquette Plant. 


(By Vta^on, Son Co.\ Engineers, Leeds, LonJoH.) 


exerted, this great pressure being obtained by an ingenious application of com- 
pound levers and a heavy flywheel. - 

A fourth ram pushes out the finished compressed blocks, which are then 
conveyed to the stacking ground or loaded into trucks. 

When properly made and cold, the briquettes are as dense and hard as the 
large coal itself. 

The latest presses will turn out 320 tons per day of 25 lbs. bevelled-edge 
briquettes or 1015 tons per hour of nuts, and only require some 15-20 H.P. 
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Ths size »nd shape of fiiel briquettes are of very great importance. Large blocks burn slowly, 
and if rectangular pack closely together and do not allow of the proper circulation of air ; they 
have usually to be broken. The tendency is, therefore, to produce an “ovpid,” “e^ette,” 
“bonlet” or “nut” weighing only some 1-4 oz. 

Briquetting of Anthracite. — Anthracite dust is now successfully briquetted 
both in Scotland and in the U.S.A. In the former locality it is mixed with a- 
proportion of bituminous coal. Anthracite dust passing ^%-in. mesh is still 
practically unsaleable, though it can be successfully briquetted by the Armstrong- 
Mordan process. 

Immense accumulations of anthracite culm and dust, coke dust, etc., still 
await briquetting, particularly in the U.S.A. and will doubtless be turned ,to 
useful account in the near future. There are also numerous deposits of friable 
coal and lignite, particularly in the U.S.A. (where they extend for 150,000 sq. miles), 
in Oinada, in Kent and elsewhere, which crumbled to dust on exposure to air, 
but which can now be successfully briquetted. 

The industry is chiefly located in Western Europe, Belgium possessing, 42 
factories, France 35, and England 20. Factories also exist in Germany, Spain, 
China, Japan, and the U.S.A. In the States a great development must be expected 
in the near future. The annual output of patent fuel from the United Kingdom is 
over r| million tons. 

Of the many attempts to produce briquettes without the use of a ready-made pilch only two 
will be mentioned. The hrst can be ruled out on the score of cost. The method is due to 
Professor Le Maitre. He proposes to treat tallow with nitric acid, pour it into soda lye, and 
mix with lime and mineral oil. He obtains a product somewhat like pitch, and presses to 
employ it for the manufacture of briquettes. It is difficult to see how such a process could be 
made prohiable. • 

The second process to be mentioned is the Annstrong-Mordan, It was originally applied to the 
problem of the solidihcalion of oil. Much work has been done in this direction, but neatly all the 
proposed methods have broken down in practice. The method employed, which the writer has in- 
vestigated, is the emulsification of the oil by mixing it with a certain proportion of sulphate of iron 
(green copperas) and glue. A solid emulsion results, which heat only breaks down slowly, and 
which stands sufficient pressure to allow of the briquettes being rough handled, and stored to 
any reasonable height. Crude oil may be used, and the proportion need not exceed 5 per cent. 
Thus a practicable method has been evolved of employing all kinds of waste and cheap com- 
bustible materials, .such as anthracite, coke, and coal dust, slack, culm, and drulf, friable Unites 
and coals, paddy husk, Nile sudd, dried sewage, peat, etc., etc. The calorific value of the oil 
being high, that of the waste fuel is, of course, raised in proportion. 

Pitch Cancer, Pitch Ulcers. — The handling of coal-tar pitch frequently 
causes peculiar and unpleasant sores ana local inflammation of the skin known as 
pitch ulcers, pitch warts, or pitch cancer. They appear to be caused by some basic 
substance present only in coal-tar pitch (or anthracene oil) and can be practically 
prevented by distilling up to about 350” C. and softening the pitch down with 
a suitable oil. The addition of a small quantity of formaldehyde to the tar 
before distillation is also said to render the resulting pitch innocuous. The Home 
Office has investigated the whole question and has issued two Reports and a set of 
Draft Regulations. Immunity cannot be guaranteed, although freedom from dust 
and personal cleanliness will do much to diminish the risk. Some types of men 
seem much more liable to the complaint than others. 
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The chief liquids used as fuel are ; — 

Natural or Mineral Oils of the petroleum series, found in many countries, 
but chiefly obtained for use from Galicia, Russia, and the United States. 

Prepared Oils and Spirits, made by treating the natural mineral oils and 
other materials in such a manner as to produce a suitable combustible fluid. The 
chief of these prepared liquid fuels are : — 

(a) Distilled Mineral Oils, including petrol, benzene, petroleum spirit, kerosene, 
gasolene, and other “light oils.” 

Shale Oils, prepared by the destructive distillation of shales, and resembling 
very closely the distilled mineral oils just mentioned. 

(h) Heavy Oils obtained in the distillation of various substances, including 
Petroleum Residues, antt also Tar Oils obtainable as a by-product in the 
distillation of coal for the manufacture of coal-gas, also from blast furnaces used 
for smelting metal, when coal is used as a fuel. The product of some coke ovens 
is also used in a similar manner. 

(c) Alcohol, including methylated spirit, prepared by the fermentation of 
various vegetable substances, including potatoes, malt, etc. 

The methods of manufacture and general properties of all the foregoing 
liquid fuels are described in “Industrial Chemistry; Organic,” pp. 4, ir, and 279. 
For motors, engfines, and small burners the “light oils and alcohol are 
preferable, though large Diesel engines run satisfactorily on tar oils. 

It should be noted that alcohol gives the cleanest results and burns 
with the least smoke, but it is somewhat more costly than the light oils. As 
the price of alcohol tends to diminish and that of the light oils to increase, there 
is a great probability that in the near future alcohol may be used increasingly 
as a fuel, on account of its many advantages. 

For funicices the heavier mineral oils are largely used in the United 
States, but in Great Britain they cannot compare with coal burned in an equally 
intdiigent manner and with the most suitable appliances. Indeed, the chief 
use of heavy oils as fuel depends on the facilities offered for transport from the 
place of manufacture to that of use, on the uniform temperature readily attainable, 
and rte small amount of attention required. Heavy oils require specially con- 
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stnicted burners, and are apt to prove troublesome unless they ate well 
designed. 

In the Kermode burner the oil is partially vaporised and sprayed by means 
of hot air at a pressure of ^ lb. to 4 tbs. per square inch. The oil controlled by 
the valve e and pinion L, entering at a, is met by hot air passing through B and c. 
Both air and oil travel on together, the oil being rapidly vaporised in its passage 
and completely commingling with the air. As the oil passes the nozzle beyond 
the valve it is swept forward by a sharp current of air which envelops the nozzle ; 
this current can be regulated with great exactitude by pinion m. A further supply 
of compressed air is given at the point of combustion, and a third supply is caused 
by the induction of the flame or by the draught. 

Both air and oil are under complete control and can be accurately regulated. 
To substitute oil for coal, no change is required in the arrangement of the furnace ; 
it is only necessary to cover the fire-bars with broken fire-bricks to a depth of 
from 6-8 in., the greater depth obtaining towards the bridge. 

The burners are hinged on the air- and oil-valves, and may be withdrawn from 
the furnace when desired. 

The air-jet system offers great economy in fuel, as 83 per cent, of the calorific 
value of the oil is recovered in actual work. Less than 2 per cent, of steam is 
used to drive the air-compressing plant, and if the steam is condensed no fresh 
water is lost. 



Flu. I — Burner fur Liquid Fuel. 
{8y the courtesy of Ker /node's Ltd.) 


Other Uses. — Liquid fuels are suitable for core^ drying, iron foundry furnaces, 
retorts, bakers’ ovens, brewing and distilling plants, for mall drying, timber season- 
ing, cloth singeing machines, refuse destructors, and for other purposes where dry 
heat, cleanliness, and definite temperatures are required. They have proved 
specially suitable for boilers in warships, for glass melting furnaces, and for fire 
engines on account of the rapidity of heating, the cleanliness of the fuel, and the 
ease of using. 

The chief liquid fuels for these purposes are light or heavy oils, such as tar, 
tar oil, creosote, green oil, crude petroleum, pure petroleum, or “residues.” 

Liquid fuels have several advantages over solid ones, of which the most 
important are : — 

(o) Lesser weight and volume, thereby etfccting a saving in transport and storage. 

(^) Less labour required in use, as the oil can be fed to the burner at a definite rale, whereas 
solid fuel has to be i^arged at intervals. 

(r) Less detriment to the articles being heated or to the heating plant, as liquid fuels contain 
less ash than solid ones, and do not produce a dust. 

(d) Prompt attainment of any desired temperature within Uie limits of the plant. 

(e) Simple and rapid extinction of the flame so that there is less waste of fuel by the necessity 
of allowing the (solid) fire to “die out.” 

On the other hand, liquid fuels are subjected to certain important drawbacks: — 

(/) They must, in most coses, be imported from abroad, so that supplies ate not quite as 
reliable as with a native fuel. 
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(i) The lighter oils must be stored under special (legal) conditions, on account of their 
tendency to explode. 

(4) They must not be purchased in very large quantities on accennt of the loss by evaporation, 
though with some of the heavier oils this is trifling. 

(i) _The odour of the oil is objectionable in some industries on account of the goods made 
becoming scented by absorption, even though kept out of direct contact. 

(y ) Most works are fitted for the use of solid fuels, and the cost of replacing existing plant 
would, in many instances, create an interest and sinking fund charge which would more than 
counterbalance any saving effected by the use of a liquid fuel. In extensions of plant, or in the 
installation of a new plant, this objection does not hold to the same extent. 

The cost of liquid fuels appears to be much higher than that of solid ones, 
but in order that an accurate comparison may be made it is necessary to take all 
the necessary factors into consideration. It is not correct to compare the calorific 
powers of various fuels and to assume that because more units of heat can be 
obtained in a calorimeter from a shilling’s worth of one fuel than from another 
that, therefore, the first fuel is the cheaper to the user. The only true basis 
of comparison for the user must be based on burning the various fuels under 
the same conditions as would apply in actual use. Failure to recognise this, and 
the undue insistence of calorimetric tests of the fuel when burned in oxygen, 
have led to serious misconceptions and to considerable waste of money. For the 
same reason, theoretical estimations of the evaporative power of various fuels give 
results of very small actual value, and their reiterated publication in various text- 
books does more harm than good, because care is seldom taken to point out the 
wide divergence between them and the results obtainable with actual plant. 
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Utilisation of Fuel. — From the statements made in previous pages, it is clear 
that different fuels are suitable for different purposes, and to obtain the best 
results with any fuel it is necessary to use it in a suitable manner. By far the most 
extensive use of fuel is in furnaces for heating purposes, as described later in this 
section, but an increasingly important use of gases and liquid fuels is in the 
direct production of power. In a gas or oil engine the combustion of the fuel is 
arranged to take place in the form of an explo.sion, the force of which moves a 
piston and so converts the energy of the fuel into mechanical work. zYccording to 
the first law of thermodynamics, heat protluces mechanical energy in the proportion 
of 772 ft.-lbs. for each unit of heat. Hence i lb. carbon, if burned under ideal 
conditions producing a calorific power of 14,500 B.T.U., should produce over 
II million ft.-Ibs. of mechanical energy. As i H.P. = the expenditure of energy at 
the rate of 33,000 ft.-lbs. per minute, i Ib. of carbon should produce 5.6 H.P. hours. 
The necessity of keeping the walls of the engine cylinder cool and other causes 
prevent more than a small proportion of this heat being available for driving an 
engine, so that under normal conditions a gas engine will require the equivalent of 
t lb. of solid fuel per horse-power hour, which is only one-sixth of the power 
theoretically producible from the fuel itself. Nevertheless, gas engines are much 
more economical in fuel than are steam engines, particularly for powers under 
20b H.P, Wei^t for weight, oil fuel is slightly more economical than coal, only 
J lb. being required for each horse power developed, but the cost of oil being 
greater than coal counterbalances this advant^e where the coal can be gasified, 
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or where cheap town’s gas is available. In other cases, and particularly in country 
districts and for marine purposes, the use of oil engines is perfectly satisfactory 
and economical. 

A furnace is a heating device in which fuel is used; it is composed of four 
essential parts ; — 

(a) The fireplace, comprising the portion where the fuel is heated until it reaches 
a temperature at which it can burn (Fig. i ; see below). 

(b) The combustion chamber or place in which the gases obtained from the 
fuel unite with air and burn, producing a high temperature. The combustion 
chamber is usually close to, and may form part of, the fireplace. 

(c) The furnace proper or hearth in which are the goods or materials to be 
heated. It is quite distinct in its functions from the foregoing, and in most cases 
the combustion of the fuel should be complete before it reaches the furnace proper. 
In smelting ores, where the reducing action of the incompletely burned fuel is 
necessary, the flames are allowed to enter this portion of the structure at an early 
stage of burning, but this is different from the case of simple heating. 

(d) The draught producer, consisting of a chimney or fan which is connected 
to the foregoing by a series of flues. The shape of some furnaces is such that no 
separate draught-producing device is necessary, as the furnace forms its own 
chimney. The chimney creates a draught by virtue of the lower specific gravity of 
the hot gases contained in it, as compared with that of the atmosphere. If the 

temperature inside the chimney 
falls much below 300" C., a poor 
draught will be obtained. The 
exit of gases at this temperature 
I represents a waste which cannot 

be avoided, unless it is profitable 
to replace the chimney by a 
mechanically-driven fan, and to 
use the hot gases for drying or 
heating other goods. 

Figs. 2-15 show a few ly^ies of 
ordinary furnaces. Thus Figs. 2-9, 
t3 show ihe usual furnaces employed 
for healing Iroilers. Fig. lo show.s an 

ordinary reverberatory furnace, Fig. 15 a retort furnace. Fig. 12 a blast furnace. 

The more complex gas-fired furnaces, with tegeneralors (i.c., arrangements for heating the enter- 
ing air), and separate inlets for primary and secondary air are 'indicated in Fig. 15, and in Section V., 
Figs. 4, 5, 6. 



Fio. I. — Diagram ol Fireplace. 


In order properly to understand the nature of combustion, and the best means 
of effecting it economically, it is necessary to consider each of the foregoing parts 
of a furnace quite separately, as much confusion has arisen from want of paying 
sufficient attention to their separate purposes. 

Of whatever nature the fuel may be, the furnace or fireplace must be constructed 
in such a manner that the combustion shall be as complete as possible, as otherwise 
there will be a serious loss of heat, and a great wastage of fuel. Differences in the 
design of a furnace are necessary according as the fuel is a solid, liquid, or gas. 

In many of the existing furnaces and fireplaces this elementary requirement has been over- 
looked, or the designer has not known how to provide for it, with the result that many furnaces 
work in a manner which is fat from economical. The amount of fuel wasted in the fotm of smoke 
is evidence of this, although in certain metalluigtcal operations the production of .smoke is necessary 
as a means of reducing or preventing the oxidation of the metal. 

In the heating of any substance with a solid fuel it is usually necessary to burn 
the fuel in one part of the apparatus, whilst the material or articles to be heated 
are contained in another. The only exceptions to this are where the heat required 
is very great, and the goods will not be damaged by contact with the fuel. Thus 
lime is burned and iron ore is reduced by filling the kiln with alternate layers of the 
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material and coal ; in primitive countries pots are baked by placing them in the 
middle of the fire, and so on, yet in the majority of cases the fuel is burned in 
a separate fireplace or furnace, so arranged that only the hot gases have access to 
the material to be heated, 

FURNACES FOR SOLID FUELS 
Solid fuels are in two forms : (a) Fragments, such as coal and coke ; {b) dust 
obtained by grinding the larger pieces to powder. 

Most fireplaces consist primarily of a grate on which the fuel rests, a combustion 
chamber or space in which the burning occurs, and an ashpit or space into which 
the ashes and uncombustible matter fall. 

■ combustion is such that air enters Iretween the grate bars and conies into contact 

with the hot fuel ; the air and fuel combine tegether, and combustion occurs. If the fuel is 
elementary and consists of almost pure carbon (coke being a sufficiently good example), the gas 



Fni. 2. — Galloway Boiler with External Furnace. 

{fiaUtKiHiys l.tJ., Manchislrr.') 

produced will burn with a blue dame, but without smoke. If the supply of air is so regulated that 
no excess is present above that needed to burn the fuel, the combu.stion of such a material will 
approach perfection, and it is for this reason that coke and anthracite are such valuable fuels. 

If, on the contrary, the fuel used contains other ingredients, or if it is a mixture of highly 
complex compounds {as is coal), the combustion will occur in quite a different manner. The lower 
portion of the fuel will burn completely and without smoke, when the fire has been properly 
managed, and in time a clear, smokeless coke-like fire will be produced. The moment some fresh 
coal is thrown on, however, the conditions are changed ; the fresh coal begins to decompose, throwing 
off a dark-coloured smoke, which, becomes increasingly dark as the temperature of the coal rises, 
and the distillation and decomposition proceed with greater rapidity. A considerable amount of 
tarry matter and soot are produced, and in the course of time the gases liberated lake fire and 
burn with a brightly luminous but sooty flame. As the flames rise they carry with them particles 
of tar and soot, and may take these away through the chimney in the form of smoke, or a portion 
may be deposited inside the chimney or among the goods to be heated. As soon as this volatile 
matter has disappeared, the fire burns clearer, the smoke eventually cexses, and the approximately 
perfect combustion of the residual coke occurs. The problem of the furnace-builder, therefore, 
consists in deciding how far tlie j^roduction of such smoke is necessary, and how far it is a preventible 
waste of fuel, and in building his furnace accordingly. See also pp. 47, 4S for further remarks on 
smoke production and prevention. 

Primary Air Supply*— If the fuel is elementary, like coke, all that is 
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needed is the provision of. a sufficient quantity of ait through the grate bars to 
provide for the proper combustion of the fuel, but without supplying an undue 
excess of air. If, on the contrary, the fuel is coal, the furnace, must be designed 
to provide for the combustion of the volatile matter quite separately from that of 
the coke which will be produced when the volatile matter has been driven off. 

To do this is a difficult and at limes almost impt^ble task. The volatile matter is so voluminous, 
it requires such enormous volumes of hot air for its combustion, and it is prodnc^ so rapidly that 
unless special methods ate employed for dealing with it, most of the heat in it will be lost. This 
is one reason why fuels never approach the calorific power shown when they are burned in the 

state of fine powder in compressed oxygen (p. 8). . .... 

Where the fuel is small or seriously contaminated with mineral matter, it may be made to bum 
better by closing the front of the ash-pit and blowing air under pressure into the latter. The 
simplest method of introducing the ait is by means of an injector or blower operaled by steam. 
The current of steam and ait keeps the bars cool and prevents the formation of clinker, and it enables 



Fig, j.— M ultituholar Boiler. 
{GalUruMiyt Ltd., Munckuitr.) 


sawdust, spent tar, colliery refuse, and other low grade fuels to be' burnL Care must be taken not 
to confuse this primary air — all of which is introduced through the fire-bars — with the secondar)' 
air which is intr^uced into the upper part of the furnace. 

Introduction of Hot Air (Secondary Air).— A little consideration will show 
that the most suitable means of burning the volatile portion of the coal consists 
in the supply of a sufficient quantity of hot air during the whole of the time that 
the volatile matter is being produced. Moreover, this hot air must be introduced 
at the front of the furnace, so that it may meet the volatile matter at the moment 
of its production, and may travel along with it, burning it more and more completely 
as the two travel together. The admission of cold air, by opening the furnace 
doors as is usually done, is of very small value ; rather does it ,chill the volatile 
matter, and cause the production of more sm<^e, whilst at the same time intro- 
ducing a supply of cold air into the furnace at a point where it can do the most 
harm and the least good. If the fire is well distributed over the grate, it will be 
almosbiiinj^tble to pass sufficienr hot air through the bars, tbough % keeping 
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the fire yery thin and porous, much may be done by a skilled fireman who does not 
mind the trouble. This method is, however, unadvisable for two reasons ; it places 
too much responsibility on the fireman, and tends to waste fuel by admitting too 
much air. 

There ate numerous patents for the introduction of air at the back of the fire— in a boiler 
furnace the use of a hollow bridge is common— but whilst this effects some relief, it is obviously 



Fio. '4.— Galloway.Hill Smoke-Preventing Futfaace (Longitudinal Section). 
(fialloTvays Ltd., Manckaitr.) 


not the best place for the introduction of this hot air. A typical arrangement of this kind is shown 
in Fi^. 4 and 5t representing the furnace in a Galloway-Hill boiler. The air passes along the 
conduits immediately below the grate bars, a farther supply being admitted through the hollow 
bridge. The use of the very numerous patented split bridges and similar devices must, therefore, 
be regarded as merely palliative and not complete remedies. 

The most suitable place in which to heat the air used for the combustion of the 
volatile matter and soot is to pass it along the sides of the hreplace, from the rear 



Pig. 5. — Transverse Section and Plan of Fig. 4. 

Ltd.y Ufattchttter.) 


towards the front — even carrying it through small flues placed in the ‘larger ones, 
if this appears to be the best way of making it sufficiently hot — and eventually 
discharging it through numerous small holes in the front of the fire, so that it 
may trttvd over the whole length of the fuel in the grate. By breaking this stream 
of secon^r; air into a large number of small streams, and giving it ample time to' 
mix with toe volatile matter of the coal, the best possible conditions are provided 
Tor the complete combustion of the latter, and the prevention of smoke. 
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That this arrangement has, not been more widely adopted is chieBy due to the lack of attention 
to what actually occurs when fuel is burned, and to a desire on the part of many inventors not to 
interfere with the general arrangement of the furnace. 

To give an example, if the reader will refer to Fig. 2, showing the furnace employed for heating 
an ordinary Galloway Iwiler, it will be noticed that the secondary air needed for burning the smoke 
(the primary air comes up through the grate) must be introduced cold through the door in front of the 
furnace, in order that it may mix with the volatile matter at the moment of its production , and so travel 
with it and burn it. No attempt, therefore, is made to preheat the “ secondary ” air, except for a brief 
passage of a few inches over the burning coal in the front part of the grate. If, however, this 
entering “ secondary ” air were not thus directly introduced cold from the front, but instead was 
first introduced at the opposite end of the furnace, and made to pass down flues in the brickwork 
surrounding the boiler (where it would become very hot), and then discharged intensely hot 
through a series of flues placed just in front of the furnace, so as to introduce it to the smoke and 
volatile matter just as these were being formed (and not — as in the use of a split bridge— when 
they have had time to condense into a solid soot), the hot secondary air would instantly burn the 
volatile matter and so check the production of smoke and the waste of fuel this represents. 

The prelitninary heating of the entering air is always used in large modem gaji- 
fired furnaces, the heating arrangements (known as “Regenerators," “Recuperators,” 
or “ Heat- Restorers ”) being described in detail on p. 43, under the heading 
“ Regenerator Principle.” Unfortunately, in ordinary steam boilers no attempt is 
usually made to preheat the air sufficiently to secure the proper combustion of 
the fuel. 

Many boiler furnaces are provided with an opening in the doors, and behind 
this, at a distance of about 2 in., is a perforated plate which is supposed to admit 
fresh air, to divide it into numerous streams and to heat it before it reaches the 
volatile matter of the fuel. Such an arrangement cannot be satisfactory, for the 
simple reason that it cannot provide one-tenth of the amount of hot air necessary, 
with the result that the fireman opens the furnace door and admits cold air in a 
single stream instead of innumerable small streams of intensely hot air. 

No fuel can begin to burn until it is raised to its igfnition temperature 
(see p. 441 , which (for coal) lies between 330’’ and 750° C., according to the nature 
of the constituents, the more solid portions igniting mote readily than the gases. 
In order to secure smokeless combustion, it is necessary to provide the secondary 
air at a temperature not far short of that at which iron becomes red hot (700“ C.). 

The amount of secondary air depends upon the volatile matter in the fuel. It 
will be not less than twelve times the total weight of volatile matter present, and 
in a coal containing 30 per cent, of volatile matter no less than 50 cub. ft. (measured 
cold) for each i lb. of coal burned. Hence if a ton of coal is burned in fen hours, 
no less than r 1,200 cub. ft. of air must be admitted per hour above the grate, and 
quite apart from that admitted below it. As the volatile matter is not driven off 
steadily, but in great rushes each time fresh coal is put on the fire, the actual 
supply of hot secondary air must be delivered at a greater rate than that just 
mentioned, but there will be corresponding intervals when no hot air is needed. 
It is usually possible to utilise a dash-pot arrangement, so that each time the furnace 
door is opened a definite quantity of hot secondary air will be admitted to the 
furnace at a suitable rate, the supply being stopped as soon as the volatile matter 
has been removed. If the damper in the main flue is simultaneously lowered 
during the time that the door is opened, the loss of heat and the waste of fuel will 
be considerably reduced. 

The grates used in furnaces vary according to the nature of the fuel employed, 
a clinkering fuel containing much ash being more easily burned on a sloping grate 
than on an ordinary flat one. Poor fuels are also burned on sloping grates in order 
that a larger amount of surface may be exposed at a time. There is an enormous 
number of different patterns of grates, but they may be included in the following 
groups 

Plain flat grates arranged horizontally, for ordinary furnace coal. 

Plain sloping grates, for small or poor coal. 

Grates with ribbed bars, either level or sloping, for small fuel, supposed to 
admit more air through the grate to the fuel. 
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Grates with hollow bars, to permit air being warmed by passing through the 
bars before reaching the fuel.' 

Stepped grates, so arranged that the fuel falls from one step to another; 

specially useful for very poor fuels. 

Grates with rocking bars, for fuels which form much clinker. 


Fig. 6, — Longitudinal Section of the Gear-Driven Underfeed Stoker in Flue 
of a Lancashire Boiler. 

Travelling grates, which carry the fuel forward and discharge the ash at the 
further end of the furnace ; for small coal (slack). 

Grates with automatic stoking devices, specially suitable for poor fuel burned 
in large quantities. 

Automatic Stokers are mechanical devices for providing a uniform and 
steady supply of fuel to the furnace. They are of many patterns, some being much 
better than others. They depend for their success on the fact that if the fresh 



Fit;. 7.— Cross Section of Umlerfced Stoker m FJue of luwcashire Boiler. 


F^. 6 shows the longitadinal section of the Underfed stoker as fitted in the flue of a 
Lancashire bculer, and Fig. 7 a cross sectioo of the Mine. By means of a screw conveyer, fuel 
is in continuoasly to an inclined or terraced grate. The action is made clear liy 7, 
which shows a cross section of the stoker in the flues of a I.aocaBhire boiler. 

A is the retort or fuel magazine, in the lower or circular part of which revolves a taper feeding 
wmrm which conveys the coal, b shows the terraced grates, c the wind box, and D the green coal, 
which, being gradually pushed up to the bumiog point, commences to ignite at the point B, where 
it meets the incoming air from the tuyeres. 

At E the cool is coked, f.r., deprived of its volatile bvdrocarbmi gases. These bdng mixed 
with air introduced at this point thror^h the ur inlets of the fuel magasine, and escape being 
possible onfy by risii^ through the glowing coke above, they are heated to such a bkh temperature 
that they are completely consumed without jimoke, while the combustion of the fixed carbon of the 
omI is completed by the air introduced tbroa|;fa the apertures in the ^es of the terraced grates b. 

The of this method of uoderfeedicg is to keep a perpetually clear, bright surfiice of 
incandescent fuel, which always produces its maximum steaming effect upon the boiler wit^t the 
inevitable floctuations of furnace tempeMre consequent upon Imnd'firing. 

Thus, smi^e is pncHcalfy imp^ble with the most highly bitominoui coals, and as the 
combustion of the ga^ is all but cotnffiete by the dme they have passed tbroi^h the ever^wesent 
superincumbent layer of Rowing cdte, a clWf short finmiBg fire results, 10 that the Am a^ 
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p^fect bwoing of the gases Is not prejudiced by their inevitabte contact with the comparatively 
cold heat-absorbing tubes or plates of the boiler. 

lu tbo ** Kpker Stoker,” another well-known automatic stoker (manufacluTed by Meldrums Ltd., 
ManehesteOi the fuel is fed in small quantities to the furnaces through a hopper ^y means of a ram 
(see Fig. 8), ^ 

In the **Benius" patent m^hine stoker (Fig. 9), made, by Ed. Bennis & Ca Ltd., Bolton, 
the fuel ^lils from a hopper on to the bottom of a feeing boa and is pushed intermittently by a 
pusher plate on to another plate, from which it is thrown into the lire at suitable intervals by means 
of an angular shovel, actuated by a coiled spring and air cylinder. The shovel scatters the fuel on 
to the fire in four divisions, each about id in. long, so that in a 6-fL furnace the fuel is only thrown 
on a quarter of the fire at a time. The grate consists of tubes covered with interlocking bars to 
protect them from direct contact with the fuel. The grate moves forward about 2 in., and is then 
drawn back by means of cams on a transverse shaft. This action carries the fuel forward until the 
clinker and ash drop over the end of the grate into a closed chamber, from which they are emptied 
once or twice daily. Air is forced through the grate by means of fine jets of superheated steam, so 
that the draught is uniform over the whole grate area. The rate at which the fuel and air are 
supplied can be tegulated with great accuracy in a simple manner, thus securing the satisfactory 
combustion of althost arty kind of solid fuel. 

The ^boock & Wllcox Chjun Grate Mechanical Stoker (Fig. 13) is of the coking type, 
its working being based on burning 
the coal in such small quantities 
that the combustion of the gas 
from each charge is completed by 
passing if over the incandescent 
fuel. The grate consists of an 
endless chain of short, interlocking 
cast-iron bars, linked tc^ether and 
driven by a revolving drum at the 
front of the stoker, any required 
variation in speed being enected 
by a patent gear box. Any small 
repair, such as replacing a link, 
can be canied . opt with the stoker 
in place, but in case of need the 
whole stoker can be brought out 
clear of the boiler. The rate of 
combustion can be regulated to 
suit the class of fuel and varying 
demands for steam by altering the 
depth of the fire (by means of a 
vertically moving fire doorl, and 
by increa.ring or diminishing the 
speed of the grate. The makers 
claim that this is the only form of 
stoker in which the undue admis- 
sion of »irat the back is pievenled. Kic. 8.-DiagTam of MeUrums Koker Stoker. 

From what has been pre- i.>iMnim,uj.,Trmfiri,y,siaHchesirr.) 

viously" stated, it will be un- 
derstood that for good combustion and economical heating it is essential that the 
following conditions shall be ob-serred with solid fuel 

{i) The fireplace must be so constructed that the fuel is heated to its ignition 
point and is supplied with sufficient air. 

(a). The combustion chamber must be of such a size, and at such a tempera- 
ture, that when the gaseous fuel and air enter it they can at once 
combine' in the most desirable proportions. No matter what tem- 
perature may be needed in the goods or materials to be heated, the 
combustion chamber must be at a sufficiently high temperature to 
ensure the complete combustion of all the constituents and distillation 
products of the fuel. 

(3) The furnace proper must be constructed in such a manner that the 
hot gases arriving from the combustion chamber may be used as 
efficiently as possible. For this purpose they must be distributed 
uniformly in this portion of the structure, and must be retained in it 
(either by its sha^ or bv (he use of baffles) until they have lost so 
much heat as to cease to be useful. 
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(4) The draught producer (fan or chimney and connecting flues) must be of 
ample power, and under such control as to secure the correct mixing 
of the gases and air and their right distribution in the combustion 
chamber and in the furnace proper. 

These principles are often applied carelessly, as will be seen in the following 
instances : — 

In domestic fireplaces no proper combustion chamber or furnace is proinded, so that the 
combustion takes place under conditions which are extremely wasteful in fuel, and highly productive 
pf soot. The greater part of the heat used in heating the room is that radiated from the glowing 
fuel, the burning gases contributing very little to the heat usefully employed. A much better use 
of the fuel for the same purpose would be effected by burning it in a closed stvove either of the 
pattern used in this country for small halls, or that used on the Coniinent for domestic warming, 
but the British idea of comfort requires the bright appearance of the open fireplace in spile of its 
admitted drawbacks and, expense. By tilting the back forward, so as to leave a narrow throat or 
exit to the chimney, the rale of combustion is lowered, the volatile matter escapes less rapidly and 
is more thoroughly consumed, whilst the effective radiation of h^t is not seriously affected. In 
these slow combustion fireplaces a saving of about 20 per cent, of the fuel is effected, but even 
with them at least half the fuel is burned without its heat being used to warm the room. 

In pan-boilers the vessel containing the liquid to be heat^ is fixed above a grate on which the 
fuel is burned, a small chimney being provided to carry off the gases at the level of the mouth of 
the pan. This arrangement is more economical than the domestic fire, but is far from satisfactory 
so far as its efficiency is concerned. The fire ought to be placed at one side of the pan, and the 
latter ought to be fixed so that it is heated by gases which have undergone complete combustion. 
This would increase the cost of construction very greatly, and such an arrangement is, for that 
reason only, employed when the boiler is to be in constant use, and the waste of fuel is considerable. 
For domestic “coppers” the older arrangement is used. These may be made more efficient by 
burning as large a proportion as possible 0? coke or cinders with the coal, so that the pan is heated 
by radiation rather than by hot gases, ^ 

In steam boilers (see Fig. 3), used for the production of steam for engines and other 
purposes, a horizontal cylinder is placed above a grate on which the fuel is burnw, the heat from 
the fire acting partly on that portion of the boiler immediately above it, and partly being carried 
by the gases through a series of flues (termed the boiler “setting”) ^fore reaching the chimney. 
In such an arrangement the fireplace is under the boiler, which results in the combustion chamber 
being too short and, therefore, unduly cooled by the metal of the boiler. Consequently the fuel 
is incompletely burned, and soot is deposited on the metal of the boiler, thereby reducing its 
effective heating surface. The flues comprising the “setting” form the “ furnace proper ” in this 
case, and in them the most effective part of the heating U carried out. This is the repson for 
making these flues of a zigzag design ; it increases the surface of the metal which is heated by 
the gases passing through the flues. 

Water-tube boilers resemble retort furnaces, and the same conditions apply to them, the 
water tubes taking the places of the metal retorts. 

A common defect in the furnaces used for boilers (see Figs. 2 and 3 for ordinary boiler furnaces) 
is the omission of a heat-resisting covbr for the part of (he furnace immedialely above the grate, and 
for a short distance beyond it at the back of the fire. The absence of such a cover is one of the 
commonest sources of loss of heat and the production of smoke. The necessity of maintaining the 
fuel at a sufficiently high temperature until it is completely burned has already been mentioned ; 
if it cools below its ignition point it cannot burn properly, and must therefore escape unburned or 
it will produce soot and smoke. Anything which cools the upper part of the furnace unduly will, 
therefore, produce imperfect combustion. Of all the coolirtg agents, that consisting of a metal 
vessel containing water is the most effective, ^and yet in most filers it is customary to find that the 
front of the furnace immediately over the grate is covered by part of the boiler— thereby providing 
the best possible means for wasting fuel and making smoke. In existing boilers, it is not easy 
to avoid this serious difficulty, as there is scarcely sufficient head-room, but where there is sufficient 
space^ the provision of a fire-brick arch immediately under the boiler, so as to keep the fire-gases 
from coming into contact with it until they have passed the bridge, will prove a great aid to 
complete combustion, and will not, if the boiler is properly mounted, redace the effectiTe heating 
surface. A good plan in some instances is to pull the fire-grates forward for several feet, and to 
build a fire-brick arch and fireplace in front of the boiler so as to secure a combustion chamber of 
adequate size and temperature (see Fig. 2). Fire-bricks being poor conductors of heat do not 
cool the flames like metal, and so enable the combustion to proceed to a conclusion. In a water- 
tube boiler (see Fig. 3) a fire-clay slab or slabs ^ould be fixed over the grate and below the 
lowest tubes, for the same reason. The erroneous construction of the top of the furnace is l^ely 
due to a desire to keep boilers as short as possible, and to a feilure to realise what occurs in the 
combustion cham^r i too many de.signers of boilera fiul to realise that the heating of the boiler 
should not take place in the combustion chamber, but in the “ furnace proper,” which, in the case 
of a boiler, is the flue system immediately behind the fire. 

In rererberiUonr furnaces (Fig. 10) the most obvious feature is the hearth or fiimace pro^r. 
The fireplace is buut at one end of the structure, and the air supply is so arranged that tne ^el 
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burns with a long flame which . extends over a targe part of the hearth. The combustion c^mbtf 
thus occupies a portion of the flieplace, but combustion occurs chiefly in the hmth« which nui^ 
long for this purpose. If such furnaces are to be used for roasting ores, the conditions musi be 
oxidising and there is no need to produce any smoke, but if the reduction of ores is to ^ elated, 
a smoky flame is required, and the productiim of and smoke cannot be avoided. In itself, a 
reverberatory furnace is Excellent for the aombustion of the fuel, but the top of the flimace become 



intensely hot, and the heat there is not utilised, so that these furnaces are not readly economical, 
unless heated by gas, when the hot t(^ may be utilised fw beating the secondary air. 

Crucible fumaoee arc heated by direct radiation of heat from the foci, so that a non-flaming 
fuel such as coke is used. The combustion takes pla^ between the pieces of fuel surrounding the 
crucibles to be heated, and no special combustion chamber or hearth is required. A number' of 
brass foroaces, cupola^ etc, are based on (bis f^inciple, and the production of smoke is avoided 
by the use of coke.^ This is made possible by the feet that the articles to be heated can be placed 
in direct contact with the glowing fuel, which Is not the case with boilers, etc. 

In blast furoaces and gas producers <see Fig. 12 ar^ Section XIII.) the structure is in the form 
of a wide chimney, s<miewhat enlarged about one-tbird its height. A mixture of fuel and materials 
to be heated is introduced through the lop, and air is forced in below. The fuel in the lower part 
bums, and any volatile matter distils off, and is retained in large part by the mass of fuel above. 
In the upper part of the structure the more volatile pontons and the unburned gas pass, away 



- Fig. n.— Plan of Reverberatory Furnace (after Middleton). 


and if properly worked, no smoke is produced. Such furnaces produce large quantities of gas and, 
if this be burned in suitable burners, a large amount of heat can be obtained, and smokel^ com- 
bustion assured (see p. 47). In sttch fuma^ producers there is no hearth or combustion 
chamber, so that the ^eater part of the fciek is gasiflra without being burned ; su^ furnaces arc, 
in feet, lar^ fireplaces, and if the beat from the fuel is to be fully utilised, the gas produced must 
be burned in a separate combustion chamber Coonected with a hearth or fomace proper, cont^ning 
some other goods or materials to be heated. However valuable a blast furnace may be fer the 
meltii^ metdf from tbetr ores, as a furnace it k quite incmnplete fot ^e rmons just i^n. 
Hence the utilisation of the so-called waste pises Is an importaot finlnre in Am economical woritiiw 
oftucfefufaaces. « 



FURNACES 


41 


Shift (Lime) kihis are similar} but the CO^ from tlie limestone prevents the gas being used 
as a fuel. The reduction of thia gas to carbon monoxide by passing' the kiln gases through a bed 
of glowing coke and utilising the revived gas is not, as yet, a 
commercial success. 

Retort furnaces (see Fig. 15) consist of a series of closed 
vessels — retorts — containing the material lo be heated, a fire 
placed below them being used for this purpose. According 
to the nature of the heal required, the retorts may be sur- 
rounded by a non-flaming fuel, such as coke {cf. Crucible 
Furnaces), or they may be fixed above the fire and heated by 
the g^s. If the retorts arc made of fire-clay (as in the dis- 
tillation of coal), they may be fixed immediately above the 
fuel on the grate, for they will not materially lower the tem- 
perature of the volatile products undergoing combn^ion, but 
if metal retorts are used, a slab of fire-clay should be placed 
beneath them, and the retorts heated solely by the gases. In 
a retort furnace, the furnace (^oper is the part where the 
retorts are placed, the gases being led around the ret<^$ so as 
to heat them as uniformly as possible. By placing metal 
retorts too close to the fuel they effect a cooling of the volatile 
matter, interfere with complete combustion, and produce a 
deposit of soot, which means a waste of fuel. 

Coke oveos consist of chamberj or kilns in which coal 
is heated so as lo distil off the gas, tarry and volatile con- 
stituents, leaving a residue of cuke. By utilisii^ the waste 
heat from one oven to heat others in a series, a great saving of 
fuel is effected and the by-products are recovered more com- 
pletely. For further details see p. 51. 

A water-tube boiler of well-known design is shown in 
Fig. 13. It consists of a horiiontal cylinder, below which are 
a number of parallel tubes placed in and above the combustion 
chamber of the furnace. The water, being divided into a series 



Fic. 12.— Blast Furnace. 



il^Bftbcock & Wilcox Water-tube Boiitf, with Superheater and Mechanical 
^ ‘ Qiain Grate Stoker. 

{BaioKi Ltd., Gltugow.) 


42 


INDUSTRIAL CHEMISTRY 


of small portions in the lubes, is rapidly converted into steam and rises up the vertical tubes to 
the cylinder above. Any water present in the steam returns to the tubes and is reheated. A mud 
collector is attached to the lowest part of the tubes t« collect any boiler deposit which may be 
formed. A superheater is fitted between the water tubes and the c^inder, and the steam from the 
boiler, when paased through this, can be superheated to any desired temperature. An independent 
superheater may be used if desired. 

Kilns and pottery ovens consist essentially of a la^c structure in winch the goods are placed 
{forming the furnace proper), this being surrounded by a series of fireplaces in which the fuel is 
burned and volatilised. The combustion chamber is made by the space between the exits of the 
fireplaces and the goods to be heated, so that a kiln must not be filled too full. In a dome-shaped, 
down-draught kiln, the dome forms a most efficient combustion chamber, the burned gases from 
which pass downwards among the goods, and raise them to the desired temperature. 

In the Hoffmann continuous kiln the fuel is burned in specially constructed fireplaces inside 
the kiln, the great space above the fuel, together with that betw'een the fuel and the bricks or lime 
to be burned, forming the combustion space, and the remainder of the kiln the hearth. This type . 
of kiln is ver}’ efficient, as if properly managed the combustion is almost perfect, and the utilisation 
of heal is such that the gases can be withdrawn by a fan at a temperature of only l5o‘'-20o“ C. 

MufiSe furnaces are a form of kiln provide with a lining of refractory material, so as to 
prevent flame from reaching the goods being heated. Apart from this, they closely resemble 
other kilns. 

Dust Firing has greatly increased in popularity in recent years on account 
of its two chief advantages — efficiency of combustion and cleanliness in the 

furnace. The fuel used is 
coal, which is dried and 
ground so finely that 90 
per cent of it will pass 
through a sieve with 200 
holes per running inch. 
This dust is then blown 
into the kiln through a 
specially designed nozzle 
(Fig. 14), when it catches 
fire and burns with a 
peculiarly long and in- 
tensely hot flame. It is 
specially used in the burn- 
ing of cement in rotary 
Fin. 14.— Rurner for Dust Firing. kilns (y.F.), but is capable of 

a much wider application. 

It approaches more nearly to ideal combustion th^ any other method of burning 
coal, and is about 20 per cent, cheaper than producer-gas, which is its chief rival. 

FURNACES FOR LIQUID FUELS 

Liquid fuels, when used for heating purposes on Warge scale, are first broken 
up into minute drops (“atomised”) by passing them through an injector with 
a current of air. In this form they may readily be ignited and burn with a long, 
flaring flame of great intensity, the heating power of which depends on the size 
of the drops and the air pressure. A typical burner for this purpose is shown in 
Fig. I, p. 26. 

This arrangement is much better than that sometimes adopted for burning tar and very thick 
oils, viz., allowing the liquid to drop on to a mass of hot coke and so burning it. Aftbr a time the 
tar forms its own coke, and the burning may be continued indefinitely with tar alone. 1 his 
method of working always produces some smoke, and it is difficult to burn the tarry residue 
produced, so that it is only used for primitive furnaces where lar is very cheap, and compressed 
air is not available. 

Liquid fuels are little used in Great Britain, but in the United States they 
are extensively employed. Where it can be obtained cheaply, oil is intermediate 
in convenience between coal and producer gas, and for some furnaces is preferred 
to the latter on account of the simplicity of its use, no “ producer " being needed. 

For the advantages of liquid fuels in furnaces, see p. 26. 
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GAS-FIRED FURNACES 

The combustion of gaseous fuels is quite different in many respects from that 
of solid fuels. If the gas is sufficiently inflammable to burn on simple admixture 
with air, it will usually produce a flame of noticeable length, the direction of 
which will depend on that of the gas and air entering the furnace. By varying 
the direction of each, flames of very different character may be obtained. For 
most purposes, a Bunsen burner is used, or the gas and air enter through ports 
made of fire-brick and immediately mix together and then commence to burn 
a short distance from the ports. The length of flame and the intensity of the 
heat are regulated by turning on more or less gas or air as the case may be, this 
part of the operation being much simpler than when coal is used direct as a fuel. 

Fig. 15 shows diagramniatically bovv gas-hring is employed 
for healing the retorts in ordinary coal-gas manufacture. 

A complete drawing of a modern gas-6red retort, fitted with 
regenerators, is given in Fig. 168, Martin's “ Industrial Chemistry : 

Organic," p. 391. 

A typical modern gas-fired furnace, in which the burners act on 
the Bunsen principle, is described in this volume under Colcc*Ovcns, 
p. 53 (Otto Furnace). 

Provided that sufficient space is supplied for the 
mixing and combustion of the gases, a perfectly smoke- 
less flame is produced, but if the supply of air is too 
limited, ot the mixture is not allowed to burn properly, 
a luminous, smoke-producing flame may be formed. 

Gas-flred furnaces are built on precisely the same lines 
as those used for burning coal, but as the fuel is already easFrotiueer 
gaseous, no fireplace is needed. Where some designers _neaiiiie Retorts 

of gas-fired furnaces have erred is in omitting to provide ' i,j, cas. ^ ' 
sufficient space for the combustion of the gas and air. 

The chief difference between a furnace fired by gas and one fired by coal is the 
necessity for providing a supply of hot air. The heating of this air is effected in 
flues placed in convenient parts of the furnace (see Figs. 2 and 6, pp. 52 and 54), 
so that only waste heat is used. This gives to drawings of gas-fired furnaces a 
different appearance from those for burning coal, but the difference, as explained, 
is more apparent than real ; more especially as many coal-fired furnaces would 
be increased in efficiency if flues for heating a supply of secondary air were 
provided. 

Owing to the greater ease with which the relative proportions of gas and air can be regulated, 
it is possible to attain much higher temperatures with less injury to the furnaces than when coal is 
used. Hence the use of gas is rapidly extending, as it is easier to manage, is cleaner, and fewer 
spoiled goods are produced. 

The Regenerator Principle.— The great importance of supplying hot air 
for combustion in the furnaces has already been alluded to at some length on p. 32. 

In large furnaces, such as those used in iron works, this is provided by allowing 
the hot gases passing away from the furnace to heat the incoming air, so that the 
former are cooled in passing from the furnace to the chimney, while the cold 
incoming air is raised to a very high temperature. 

Siemens, in his famous Regenerative Furnace, achieved this by fitting each 
furnace with at least two chambers, called Regenerators, filled with a chequer- 
work of bricks, through which gas or air can readily pass. The regenerators are 
usually placed underneath the furnace as shown (Fig. 6, p. 54), and by means of 
suitable valves the hot waste gases coming directly from the furnace are allowed 
to pass through one regenerator, while the .air needed for combustion passes 
through to Ae other in the furnace. The hot gases from the furnace gradually heat 
the brickwork of the regenerator to a very high temperature, and as soon as this 
is achieved the valves are altered so as to deflect the incoming air into the hot 
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regenerator, and the hot waste gases from the furnace into the cool one. The result 
is that, before reaching the furnace, the incoming air must pass through a layer of - 
very hot brickwork, and so become intensely heated, while the heat carried off by 
the waste gases is usefully employed in heating the regenerator, which has b^n 
cooled by imparting its heat to the incoming air. The alternation of the gas and 
air through the regenerators is made four or five times per hour. 

This is the process which first made gas furoaces a practical soccess, enabled very high tempera, 
tures to be attained therein, and effected a very great fuel economy. 

Recuperators are another form of appliance designed to utilise, the waste gases 
for heating a supply of air. There are numerous patterns, but the most important 
consist of a series of pipes placed in a chamber, flue, or another series of pipes. The 
hot gases pass through the latter in One direction, whilst the air passes inversely 
through the former. Recuperators have the advantage ef keeping the air free from 
the products of combustion, but its temperature is not quite as high as when a 
regenerator is used. Recuperators work continuously and require no reversing 
valves. 

In furnaces such as Ponsard’s the ait to be heated passes throngh channels in perforated bricks 
on its way to the furnace, while the hot gases from the farnace circniate around the outside of these 
bricks, and so heat them (and the air passing through their interior) to a high temperature, 

A^in, in Gomian’s Heat Restoring Furnace ” the incoming cold air for the furnace passes 
through a system of fire-clay tubes, while the hot burnt gases from the furnace circulate around these 
tubes and heat them. See also Martiii’s “Indastrial Chemistry; Orgsnic,” Vol. I., Fig. 168, 
p. 391, for an arrangement whereby the waste gas dues and the fines of the incoming cold air run 
parallel to each other, and so interchange their heat, the air entering the furnaces at a high 
temperature and the waste gases escaping to the chimney at a temperature of only 300* C., or just 
sufficient to create an adequate draught. 


CHEMISTRY AND PHYSICS OF COMBUSTION 

Complete combustion is said to occur only when the whole of the fuel has been 
oxidised or burnt to the most complete extent possible. With the fuels ordinarily 
used this occurs when all the hydrogen present has been converted into water and 
all the carbon into carbon dioxide. In this state, the maximum amount of heat 
possible has been developed, as the conversion of the original substances in the fuel 
into the two oxides named is the end of a series of reactions of a chemical nature, 
the total effect of which is the evolution of a definite amount of heat. That the 
whole of the heat so liberated may not have been usefully employed has, of course, 
nothing to do with the case. An extended series of investigations has shown that 
when any element bums, />., enters into combination with another to form an 
oxide, a definite amount of heat is liberated, and this amount is constant, no matter 
what are the conditions under which the reaction rxeurs. This fact furnishes a 
definite means of ascertaining how much heat is prodirced in a given case, and by 
comparing this with the heat actually measurable, the efficiency of the plant or of 
the fuel may be measured. 

Unfortunately, no actual results on a commercial scale come anywhere near the figures 
realisable by perfect combustion undSr ideal conditions — gaseous fuel being the nearest — so that the 
comparison is somewhat disappointing, and its actual valne is problematical. 

It is an essential condition of combustion that the fuel and air (or oxygen) must 
be at a suitable temperature for the reaction to- take place. This is known as the 
temperature of i^ition, and varies with different fuels and with their physical 
fonn. 

O. Daromer gives the following as average figures ; — 

For peal ■ a25°C. 

„ pine wood .... 305" 

„ cui - ■ . - 316" 

MVood charcoal - 400° to 800°, according to temperature 

.. of preparation. 
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Dixon and Coward give the following ignition temperatures for gas^ in air, those for ignition in 
oxygen being slightly lower : — 

Hydrogen ... - - 580 to 590° C. 

Carbon monoxide - - - 644 „ 658° 

Ethylene - - - • 542 „ 547° 

-Methane . • • 650 „ 750° 

Ethane . • . - . 520 „ 630° 

Acetylene ..... 406 „ 440° 

The upper limit of combustion is fixed by the temperature at^which water and carbon dioxide 
begin to dissociate ; this is just above 2,200° C. 

The amount of available heat produced by the combustion of a fuel under 
given conditions is measured by ascertaining the rise in temperature of a known 
weight of a suitable substance, which is heated under the given conditions by a 
known weight of fuel. In. the case of coal used for boiler firing, the amount 
of available heat is measured by finding the number of lbs. of water evaporated by 
each lb. of the fuel. For this purpose the boiler is filled with water, and when this 
is boiling properly the fire is cleaned out and the heating is continued with a 
weighed quantity of fuel. The steam produced is condensed, and the water thus 
produced is weighed ; its weight represents that of the water evaporated by the 
weight of fuel used. 

To obtain accurate results it is necessary to continue the healing for .several hours, so as to use 
a sufficiently large quantity of fuel ; short tests are often very misleading. 

I lb. of good coal should evaporate 15.2 lbs. of water at too' C., or 212" F. ; 
coke will only evaporate 14 lbs.; dry wood, ii lbs.; petroleum oils, 28 lbs. of water 
per I lb. of the fuel. 

The evaporative pow'er of a fuel may also be calculated from its composition by assuming that 
each I lb. of carbon has a calorific power of 14,544 B.T.U., and dividing this by the latent heat of 
water (967). This gives 15.0 as the evaporative power of pure carbon, and a similar calculation 
shows that of hydrogen to ire 54.6 lbs. 

Heat Units. — For many' purposes the evaporative power of a fuel is an incon- 
venient unit, and the amount of heat is therefore measured by ascertaining the 
weight of water which i lb. (or i kg.) will heat sufficiently for its temperature to be 
rais^ 1° F. (or C.). For very accurate work, the temperature must be raised from 
fio’-fii" F. (or o”-i” C.). The amount of heat thus produced is termed a British 
Thermal Unit (B.T.U.) if it suffices to heat i lb. of water i” F., or a Calorie if 
it suffices to heat i kg. of water 1° C. 

To convert a quantity of heat in jkilogramme) calottes into B.T.U., multiply by 3.968. 

To convert a quantity of heat given in B.T.U. into (kilogramme) calories, multiply by 0.252. 

The measurement of these heat units is effected by burning the fuel in a 
calorimeter (p. 8). The number of units of heat produced by a unit of weight of 
fuel is termed its calorific power, so that the thermal value of the reaction which 
takes place between the fuel and the oxygen of the air when the fuel is burned is the 
same as the calorific power of the fuel, provided that the combustion is complete. 

In tha of carbon, the product of combustion may be either carbon monoxide (CO) or CTtbon 
dioxide (CO4). The former may also burn and form the latter, the heat units evolved being as 
follows:— ■ 

C + Oo = CO, • • 174.5J* B.T.U. 96.960 Cals. 

CO + O = CO, ■ • 122 , 3*8 .. 6 7,960 „ 

CO = • • ■ 52,200 „ 29,000 „ 

which, divided by 12 (the atomic weight of carbon), gives : — 

Calorific power of C to CO = 4,350 B,T.U., or 2,416 Cats. 

^ „ „ CtoCO,= 14.544 .. 8,080,. 

!t it Iteportwl to notice that the second atom of oxygen combining with the carixtn evolves 
more than the heat of the first. This is ptobebly due to the advantage gained ftoro the use 
of gueoue fitei, Wt being need in the vaporisition of the solid fuel. 
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As already explained, -the calorific power of solid fuels gives but little indication 
of their practical value, but that of gaseous fuels is of great importance. This is 
due to the gases being burned under conditions much more closely resembling each 
other than when solid fuels are burned in a calorimeter and a furnace respectively. 

The caiorihe power of a fuel is always less lhan that of the sum of its constituent elements, as 
some heat is absorbed in the formation of the fuel itself. This heat of formation can l)e ascertained 
ivhen required. In the case of Marsh-gas (methane) the heat of formation is 25 per cent, of the 
total heat of combustion of the constituent elements. Hence the use of fornuilie for calculating the 
calorific power of fuels must always be unsatisfociory. 

The highest temperature attainable by the combustion of a fuel is termed 
the calorific intensity, and is necessarily of a somewhat theoretical nature, as so 
much allowance has to be made for various factors affecting it. 

Theoretically, the ntaximunr temperature attainable is found by dividing the calorific power of 
the fuel by the product of the weight of the products of combustion and the specific heat, but such 
highresults are never attained in actual work. Such a calculation does not sufhciently take into 
account the cooling effect of the walls of the furnace or other arrangement in which the fuel is 
burned, nor of the diluting effect of the e-xcess of air which must be admitted in practice to secure 
a complete combustion of the fuel 

With coal it is seldom that a temperature higher than i,6oo“ C. can be reached 
by goods in a furnace without a blast, nor more than ' i,8oo” C. by goods in a 
furnace where a blast is used. Some materials heated in direct contact with the fuel 
may attain higher temperatures locally, but the figures just mentiooed represent the 
highest available over any considerable part of the furnace. With gaseous fuels, on 
the contrary, considerably higher temperatures may be attained, especially if the 
gas is rich and both it and the air are heated. Using ordinary town gas and hot 
air, both under pressure, the author has succeeded in obtaining a uniform 
temperature of 1,980° C. in a furnace of rather more lhan 3 cub. ft. capacity, but the 
ordinary furnace linings are useless at this temperature, and pure alumina bonded 
with a little fire-clay will only resist it for a few hours. This temperature may there- 
fore be taken as the practical limit for gas-firing with air (see p. 1 1). 

SVhen oxygen and coat-gas are used the temperature at the extreme tip of the flame has been 
found by Fery to be 2,200° C. , and if is doubtful whether any higher temperature can be obtained 
by the use of fuel. .Much liigher temperatures can he obtain^ in small electrically heated furnaces. 

Excess of air is one of the most frequent causes of low calorific intensity in a 
furnace, for each unit of air in excess of that required for the combustion absorbs 
beat in being raised to the temperature of the gases with which it is mixed. Air 
may be regarded as a mixture containing 21 per. cent, of oxygen by volume and 
23 per cent, by weight. The remaining constituents may, for all practical purposes, 
be regarded as nitrogen, and inert except as a diluent. Hence the weight of 
air required for a fuel can be calculated from the percentage of its constituents by 
means of the following table. 


Weights of Oxygen and Air Required for Combustion ■ 



Oxygen, 

Air, 

One part by we%ht of— 

Carbon ..... 

2.66 

11.56 

Hydrogen ..... 

8.00 

34 * 

Carbon monoxide (CO) 

0.57 

2-5 

Methane ..... 

4.0 ' 

17.4 

Ethylene - - . . . 

3-43 

14.9 

Acetylene - . . . . 

2.86 

12.4 


_ At ordinary atmospheric temperature and pressure, I cub. ft. of air weighs O.OJ639 lb., and 
the volume of air in cubic feet for most fuels will be 

V = 1,572 + 4.71A, 

where 2=the percentage of carbon and A=the percentage of avu’Iabte hydrogen in the liiel, 
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« In actual work an excess of air must be employed. This is found by experience 
to differ with different furnaces, for gas furnaces, the amount of air actually needed 
will be found by multiplying V (p. 46) by 1.5, for good coal-fired furnaces by 2.0, 
arid for defective firing arrangements by 3, or even by a higher figure. 

The excess of air actually present may be ascertained by an analysis of the flue gases, as this^ 
will show the amount of carbon and hydrf^en burned. In practice, the hydrogen may be omitted, 
and attention confined to the carbon. If the carbon is completely burned to carbon dioxide, the 
percentage of this gas present in the flue gases will show what excess of air is present. Thus, if 
only just the right quantity of air had been used, the flue gases would contain 21 per cent, of carbon 
dioxide. Hence the smaller the percentile ol COg the greater will be the excess of air present. 
If the number 21 be divided by the percentage of COg in the flue gases, the quotient will be the 
amount of air used relative to each volume which should have been employed. Thus, if the gases 

contain 10.5 per cent of COg, then s: 2, or twice as much air as is theoretically necessary. 

As the temperature of the^ftue gases affects the result, Siegert prefers the following formula : 

V = Q- 72 (T -/ ) 

CO2 

where V = the volume in cubic yards, T is the temperature of the flue gases in “ C., and t the 
temperature of the atmosphere in " C. 

The foregoing formulte assume the complete combustion of the carbon to CO^ and the absence of 
CO. This must be determined by testing the gases. As, however, the formation of CO is unusual 
in flue gases, it is generally sufficient to determine the proportion of COg, and this may be done 
automatically by an Ados or CO^mbusdon meter or similar instrument. 

The use of such an appliance has been found to effect very considerable savings in the quantity 
of fuel burned, particularly in steam boilers. 

Sources of Loss of Heat in Burning are very numerous, even under the 
best conditions obtainable in practice. They may be summarised as follows 

1. Heat absorbed by the furnace. 

2. Loss through imperfect combustion. 

3. Loss through excess of air admitted. 

4. Loss in chimney, including (a) the heat required to produce the draught. 

{i) additional heat passing up the chimney. 

5. Loss through imperfect application of heat to the goods to be heated. 

6. Loss of heat in the ashes. 

The remedies for most of these losses are fairly obvious, but it is difficult to 
carry them out, unless the workmen are strictly supervised. Some of the losses can 
never be avoided completely, but they can be reduced to a minimum by care 
and skill. 


SMOKE AND SMOKE PREVENTION 

Smoke is unburnt carbonaceous material suspended in air, and it is formed as a 
result of incomplete combustion of the fuel. The chief causes of smoke are too 
low a temperature in the combustion chamber (p. 30) or in the furnace proper 
(p. 30), or the lack of sufficient air. If an ample supply of air is provided, 
and the temperature of the burning materials is sufficiently high until the coin- 
bustion is complete, no smoke will be formed. If, on the contrary, the air 
is sufficient , in quantity, but is not allowed to mix with the burning material until 
the latter has become too cool for complete combustion, smoke will be formed. 
Hence in the prevention of smoke, i.t-, in the provision of perfect combustion, 
there are three essential factors : — 

1. Ample air supply (usually in excess of that theoretically requited for 
combustion). 

2. The air and burning fuel must be thoroughly mixed. 

3. The mixture must be maintained at the right temperature until combustioft 
is complete. 

The majority of cases where smoke is produced are due to the last two 
conditions remaining unsatisfied, premature cooling of the gases being an even 
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greater cause of smoke than is lack of capacity of the combustion chamber. 
Some methods of avoiding these defects are given on pp. 32-37, but the difficulty 
in applying them lies partly in the fact of increased cost of construction of 
the furnaces, and partly in the apparent necessity for a luminous flame for some 
purposes. 

In a steam bniler uf the Lahcashtre ly^, for example, many engineers who have given some 
attention to the snbject consider that a luminous dame is essenti^ because of its high msdiation, a 
luminous flame being able to carry more radiant heat than a non-luminoos one. In view of the 
h^h efficiency reached in furnaces in which much higher temperatures are t<*]uired than in hoilers, 
the necessity for a luminous flame does not appear to be well founded ; rather should economy be 
sought in the better combustion of the fuel and in a corresponding modification of the boiler setting. 
Even admitting the advisability of a luminous flame, however, this could be made ffir more efficient 
hy a proper gasification of the coal than by the arrangement usual in boilers at the present time. 

In some industries the prevention of smoke is impossible ; these are the 
ones in which the heat must be accompanied by a reducing atmosphere — the 
conditions in which smoke is almost essential so long as coal is used as' fuel. 
By the employment of gas (producer-gas with or without enrichment with 
oil) the same conditions may be obtained with a much smaller proportion of 
smoke, but the risks involved in altering the furnaces, providing that they do not 
prove satisfactory, or in case the men do not use the same skiir as formerly, 
make the owners of existing furnaces very loth to change. When a failure with 
the furnace means a loss of several hundred pounds worth of material, whilst 
the existing furnace continues to give satisfaction, it requires a man of more 
than usual perspicacity to make the necessary changes in his plant. 

Far exceeding the damage wrought by works, however, is that due to the smoke emitted by 
countless domestic chimneys. The ordinary house grate and kitchen range are peculiarly objecrion- 
able as smoke producers, and cannot be altered without fully changing their character and robbing 
them of the peculiarly “ comfortable ” appearance which is the chief reason for their existence. 

Smoke Preventers of various kinds have been patented in laige numbers. 
They chiefly aim at producing a better combustion by the introduction of a 
further supply of air— usually in an unsuitable part of the furnace. In the 
majority of cases, the best means of preventing smoke is to ensure that the 
furnace is of suitable construction to meet the three conditions mentioned above, 
but when structural alterations of an extensive character are not practicable, much* 
may be done by introducing more air by means of an injector or a sliding damper 
controlled by a dash-pot, the air being admitted only during the time when smoke, 
is likely to be formed. Means for increasing the draught of the kiln may also 
prevent smoke, as may the introduction of hot air in various parts the flues, 
though preferably in the combustion chamber. 

As a rule, whilst a smoke preventer of a patented nature will usually do much good in cases 
where its aid is desirable, if will generally be found that equal benefit will be obtain^ by the use 
of an unpatented arrangement designed to secure the three essential conditions previously mentioned. 

Gas-firing, by being under better control and free from the chief cause of smoke 
when coal is burned, vk, the imperfect mixture of air and volatile matter and 
too low a temperature in the combustion chamber, is usually smokeless. Unless 
a gas-fired furnace be properly constructed, however, it can produce a laige 
volume of smoke, though not as much as a coal fire. The gasification of coal 
before burning is, therefore, one of the best methods for preventing smoke, 
and in many cases it will also be found ko effect a considerable saving in the 
amount of fuel used. 

Soot is the deposit formed when products of combustion carrying smoke 
are brought into contact with a cool surface. It is also formed when a luminous 
flame impinges on a surface much cooler than itself, as when a saucer is placed 
gp the flame of a candle, or a bright flame strikes a cooler metallic plate. 

The formatioa of soot it t deu fndictiion of undue oxiling, end can best be gereveaied by 
placing a p<m bait coodactor (tocta aa a firt-clay dab) between Ibegates or flame and the object bn 
which they ieipiii^ By not ccoducting the b^, tbe flre-day wflfioon become snSbiatly m at 



FURNACES 


49 


the sUt&ie (w the slight film of soot deposited to he burned away, and will remain too hot for any 
fnrftet detuBition to occur. In some cases it is impossible to avoid the formation of soot without 
radically altering the construction of the heating arrangement. 

Soot is itself a bad conductor of heat, and objects on which it is deposited 
cannot be heated so rapidly as those which are free from this material. Hence, 
where economy in heating is desired, no pains should be spared to so arrange 
the furnace or heating appliance that there is no deposition of soot on the 
objects to be* heated. 

It is quite a pistake to suppose that soot consists entirely of carbon ; in most 
cases it usually contains 16-35 P^r cent, of ash and 5-15 per cent, of hydrocarbons, 
the latter being the chief cause of its oiliness. 





F[G. i6.~Perspective View of Independently Fired Superheater, with Side Wall Removed. 
{B*bc<Kk ^ Wilcox Ltd., Cltugvw.) 


The Production of Superheated Steam.— Superheated steam plays a 
very great part in many chemical industries (as, for example, in Frasch’s process 
of sulphur extraction, ^in sugar refineries, briquette making, etc.). 

Superheated steain, as its name implies, consists of ordinary steam which has 
been raised to a still higher temperature out of contact with water in the boiler. 
It forms the final stage in the production of steam which is quite dry when it 
reaches the engine or other appliance where it is required, whereas ordinary 
saturate steam usually contains an objectionable proportion of water, which greatly 
detMCts from its value. The degree of superheating varies with the local conditions,^ 
but it is quite usual for the superheated steam to be 100° C. higher than the steam) 
in the boiler, and for turbines it may be 350’ C. higher, 
you I.— 4 
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Usually, the superheater is made a part of the boiler, as in Fig. 13, p. 41, in 
which a series of pipes,' carrying steam from the boiler, run through the furnace 
itself, and so become raised to a very high temperature. 

Sometimes, however, it is necessary to use a separately fired superheater, as in 
Fig. 16. Steam enters at a, passes through a number of horizontal manifold pipes 
interconnected by tubes G, so that a thorough circulation of the steam is obtained, 
and the superheated steam passes out by tbe pipe h. 

The hot gases from the fireplace pass through a perforated wall l into a 
muffling chamber 0, thence into the superheater chamber containing the steam- 
pipes, the hot furnace gases passing round the flame baffles m, and away by the 
damper K into the main flue. 

One serious objection to the use of superheaters is the risk of damaging them 
when first heating up the boiler. To avoid this it is customary to flood the super- 
heater, hut this is a troublesome procedure which is not wholly free *from danger. 
By shrinking a series of cast-iron discs on the superheater pipes (as in the Foster 
superheater manufactured by the Worcester Engineering Works, Worcester), the 
risk of overheating the superheater is prevented, and no flooding is necessary. 
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SECTION V 

COKE OVENS 


By Geoffrey Martin, Ph.D. 

Coke Ovens. — We have not space to give more than a sketch of the construction 
of these, and for further particulars reference must be made to works devoted 
specially to the purpose (see pp. i and 29). The ordinary Beehive Oven is built 
of fire-brick lined with clay, being about ft. high and iil ft. in diameter at the 
base (see Fig- i). The ovens are built in blocks of twelve or twenty-four. 
The oven is charged with about 7 tons of coal in the form of a coarse powder, 
and an inner or false door of fire-hrick set in clay is built up so as to prevent the 
coal from running out. 

Usually the furnaces are at a dull red heat when the coal is pouted in, and so 



combustion soon starts, the supply of air being regulated by dampers. Sometimes, 
however, combustion is started by lighting a fire on top of the charge. * 

The combustion is allowed to proceed in a gradually diminishing supply of 
air, until the whole of the charge inside has become quite red hot. On the fourth 
day the oven is luted up, and on the fifth day it is discharged, the coal being 
converted into coke. The coke is withdrawn by means of long rakes or hoes 
(“ cleeks ”) through the front door. ' 

Seven tons of coal yield 4-5 tons of coke. 

These ovens are very wasteful, no attempt being made to recover the ammonia 
or utilise the combustible gas. 

The Copp^e Oven— extensively used on the Continent and in this country — 
is an improvement on the “Beehive.” The retorts are horisontal chambers, 
30 ft. long, and i J ft. wide and 4 ft. high, built of fire-bricks in stacks of twenty-two 
to fifty as shown, and are worked in pairs, one retort being charged while its 
neighbour is half-coked. When the coking is complete the doors at both ends are 
opened, the coke forced out by a ram canied on a truck running on rails, and 
quenched with cold water (see Figs. 2 and 3). Time of charging, eight minutes ; 
coking, twenty-four to forty-eight hours. 

With the increasing demand for Ammonia and Tar, coke ovens have now 
come into existence in which these products are recovered. While the coal tar 
and the ammonia (through cooling the gases and tvashing them with dilute 
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sulphuric acid) were at first the only products recovered, since 1887 benzene has 
been extracted in large tiuantitics from the tar and ammonia-free gases by washing 
them with hea\^ oils, which retains the benzene (benzol), so that, espwially in 
Germany, more benzene (benzol) is abstracted than the colour industries and 
the carburetting gas installations require. 

In Germany great developments are proceeding, and the coke-oven gases are 
led off and used as illuminating gas for neighbouring towns. 




Fig. 2 . — Copp^e Retorts* showing Circulation 
of Hot Gases about them. 


In igog in Germany there was obtained : — 

Coke with recovery of by-products - 1 7,400,000 tons. 

Coke without recovery of by-products - 4,000,000 „ 

Ammonium sulphate - - - 280,000 „ ’ 

Tar - . - - - . . 600,000 „ 

Benzene (benzol) - - 80,000 „ 

We have only space to describe a few of the several excellent “Recovery” 
cokiim ovens, such as are now extensively used on the Continent. 

Tne Otto Oren. — This, like the Coppde oven, consists of horizontal retorts 
placed side by side. They are charged through openings in the roof, and 

discharged by a ram from one end of the retort. R^nerators are used for 

beating the ur before the combustioa of the gas, and gas firing is emjdoyed. 
Figs. 3 and 4 show a longitudinal and cross section of the furnace. Fig. 3 shows 
a W-lon^ptudinal section cd, corresponding to the .cross section CDi Fig. 4, going 
through the oven a, while the half-longitudinal section a b (Fig. 3) correspond, 
to (xoss section a b (Fig. 4), through the heating flues running between two ovens. 








COKE OVENS 


The cross-section (Fig. 4) shows several ovens both in cross section (a a) and as 
they appeared from a front view (c c). 

The ovens, united in a long row of batteries, are about 10 yds. long, 6J ft. 


Section A.B. 


Section C.D. 



Fig. 3.— The Otto Oven (Longitudinal Section). 

high, and only 20 in. wide. The ovens must be narrow in order that the heat 
should thoroughly penetrate the coal contained in them. The higher the ovens 
the denser the resulting coke, but if the ovens much exceed 6| ft. the coke 
becomes difficult to force out by 
means of a ram. i^, 1 

The gas for heating the ovens 
enters through the main tube h, 
and then passes into a series of 
branching tubes if. Thence it 
passes up through a series of ten 
burners kki, which are arranged 
along the length of the furnace as 
shown. ■ These burners, arranged 
after the manner of Bunsen 
burners, suck in air from below, 
and the burning gases then stream 
through the flues Im, intermedi- 
ate between every pair of ovens, 
passing upwards between a series 
of vertical masonry baffles mjn 
3)- burning gas then 

escapes through the space ff to 
the middle of the furnace, then 
away through into the longitu 
dinal flues which lie just under 
the coke ovens, then out of these, , 1 

through *, and through the flue 0, P P 

to the chimney (or regenerators if Fto. 4.— The Otto Oven (Cross Section). 

they are employed). ... 

The ovmts are charged through three openings in the roof, tbl'. Certain kinds 
of small , coal are i^e wet, stamped into solid cakes in iron vessels, and pushed 
into ^ ovens in the form of solid cakes. The gas tar and ammonia escape 




54 


INDUSTRIAL CHEMISTRY 


through the two openings i/, into tar hydraulic mains kk, thence the gases are 
forced by exhausters into coolers and washers, where the ammonia, benzene, 
and tar ate completely extracted. The gases not condensed are combustible and 
are first stored up in gas holders, and thence drawn off for heating the coke ovens 
by means of the tubes h. Much more gas is obtained than is required to work the 
ovens, and can be utilised as a source of energy or for illuminating gas. 

In the newer types of ovens Regenerators are employed to heat the incoming 
air for the burners. These consist of chequered brickwork, and the hot gases 
from the furnace are first passed through one of these on their way to the chimney. 
When the bricks are thoroughly heated (which lakes about an hour), the direction 
of the air and gas is changed, so that the regenerator, which before was heated by 
the products of combustion, now heats the air on its way to the combustion 
chamber, while the combustion products are now turned into a second regenerator 


e 



Fig. 6.— Coking Furnace, showing Regenerators, A and B. 


in order to heat it up to the required temperature. Fig. 6 shows a furnace 
so fitted, A and b being the regenerators. 

By use of these regenerators a very high temperature can be obtained. 

Other ovens, all fitted with regenerators and all of a somewhat similar type, 
are the Otto Hilgenstock Oven, the Brunck Oven, and the Koppers Oven. 
The latter oven has heating flues so arranged that the gas in the different stages 
of the heating process can be separately led off, and the richer sorts of gas used 
for illuminating purposes. 

The coke formed in these forms is in dense and compact masses. To withdraw 
it the iron doors of the coke "ovens are raised, and an iron plate forced through 
by machine power, whereby the glowing coke is forced Out and immediately 
quenched by sprinkling water on it — obviously a great waste of heat. Some 
sulphuretted hydrogen, HjS, escapes at this stage. 

An oven yields 6-8 tons of coal every thirty hours; too parts of dry coal yield 
70-80 parts of coke. 

Before leaving the subject of coke ovens, it should be pointed out that the excess of gas available 
(after supplying the gas for working the ovens) has, with improved methods of construction, 
increased from 20 per cent, to neatly 45 per cent, and so the coke ovens have become centres of 
power, (he gas being laid on for producing electrical power, driving engines, and even for 
illuminating purposes. 

Of conne the gas from the coke ovens is nothing like so rich in heavy hydrocarbons as is 
•fdinaty coal-gat, and so hat not the illuminating nor beatii^ power of this latter gas. 

Howevn, it has been fonnd that if the gas which comes over during' the first eleven to twelve 
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hours of the distillation be separately collected and stored without extraction of benzene, this rich 
gas has a heating value (5,ocx> to 6,000 cal<^ies per cubic metre) which is quite as good as that 
obtained from the best retort gas, and is quite the equal of the latter as regards illuminating power. 

Consequently in Germany at Essen, Gelsenkirchen, etc.) coke ovens often supply the 
neighbouring towns with their illuminating gas. Some other towns add to their coal-gas some 
2^.50 per cent, of coke-oven gas. 

Already in 1909 in Germany some 25,000,000 cub. m. of coke-oven gas in the Riihr District 
alohe were consumed for illuminating purposes, and the consumption is rapidly extending. 

Recovery of By-Products. — The gases and volatile products escaping from 
the coke ovens are worked for tar, ammonia, and benzene. At present little 
cyanogen is recovered, hut large amounts could be recovered were the market 
conditions more favourable. 

The gases coming from the coke ovens are first led into the tar-sealed mains, 
much as described for gas works (see Martin’s “ Industrial Chemistry ; Organic ”), 
where the bulk of the tar is deposited. Then follow a series of coolers, water 
coolers, tar separators, and naphthalene washers. Then the gas is scrubbed for 
ammonia by passing through dilute sulphuric acid, and last of all comes the 
benzene extraction. 

From too tons of coal some 2-4 tons of tar are obtainable, considerably less 
than is derived from ordinary coal-gas plant. 

The yield of ammonia is slightly greater than is obtained in gas making, 
too tons of coal yielding about 1.2 tons of ammonium sulphate. 

The direct production of ammonia by the Kopper process from these 
coke gases is described under ammonia. 

As regards benzene (benzol) extraction, the gases are sent through a series of 
iron towers, some 18-20 ft. high, the gases passing in beneath, and there meeting 
a descending spray of heavy oils (coal-tar oils, B.P. 2oo’-3oo° C.). A low 
temperature for complete absorption of the benzene is absolutely essential, and 
sometimes the oils are, before spraying, sent through refrigerating machines where 
they are cooled to 0’ C. and below, before they are sprayed into the towers. The 
streams of heavy oils are sent against the current of gas in the usual way, and the 
benzene distilled out of them as in ordinary tar stills. After distilling off the 
benzol the heavy oils are once more used for spraying. 

One hundred tons of coal yield in gas works about i ton of benzene. In coke 
ovens, however, the yield is much less. About 7-8 per cent, of the benzene is 
condensed in the tar, while 92-93 per cent, passes on with the gas in the form of 
vapour. 

If the gas is to be used for" illuminating purposes, naturally the benzene must 
be allowed to remain in it (see Martin’s “ Industrial Chemistry : Organic ”), but 
in coke-oven gases, which are usually used merely for heating furnaces, etc., the 
benzene may be recovered by the process above described. In the plant above 
described, from 1,000 tons of coal burnt in the coke ovens, about 5-8 tons of 
benzene are usually obtained. It is estimated that were all the coke ovens in 
Germany alone fitted with benzene-recovery plant, some t6o,ooo to 200,000 tons of 
benzene would be annually recovered. 
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SECTION VI 

SURFACE COMBUSTION 

By E. Jobling, A.R.C.Sc., B.Sa, F.C.S. 
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INTRODUCTION 

The revolution in gaseous heating brought about by the application of the 
principle of accelerated combustion by hot surfaces, described in the following 
pages, is almost entirely due to the investigations of Prof. W. A. Bone and 
Mr C. D. M*Court (see, however, /<?«?'«. Ittd. and Eng. Chem. (1912), 4 ' 77 J 
Engineering (1912), 93, 657). Several of the industrial applications which have 
already been patented have been put upon the market, where their efficiency and 
economy have been practically demonstrated, but others are as yet in the 
experimental stage, and further development for some time to come must 
necessarily lie along the lines of the design of apparatus capable of establish- 
ment on an engineering basis. 

The importance of the surface combustion process can hardly be over- 
estimated. Its utilisation of combustible gases, and especially of liquid fuel, is 
in imeordance with the general tendency of present-day power production, which 
is towards the substitution of gaseous or vaporous fuel for solid fuel (sw 
Gaseous Fuels). The time will come when coal will be no longer burned in 
furnaces or under boilers, but will be gasified, its valuable constituents removed, 
and. the remaining gases used for power production either directly in gas engines 
or indir ectly in other ways. It is in the latter field that the surface combustion 
fHOCCSs may be expected to play the leading rdle. 

Sur&m Combustion depends primarily on the accelerating mfluence which 
bot^iur&ces are known to exert upon gaseous combustion, arid the method 
consistSi briefly, of burning an explosive mixture of gas and air in contact wi^ 

- a g miw^ar solid. Under suitable conditions the combustion is : 
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a flameless one, and develops a large amount of heat in the radiant form. The 
necessary conditions are: (i) The mixture of combustible gas and air must be 
in the proper proportions for complete combustion, or preferably with the air in 
slight excess, and (a) the mixture must be injected on to the granular material 
at a velocity greater than that of back-firing. 

Two' simple examples will make clear the modus optrandi, as well as illustrate 
the two fundamental types of apparatus employed. 

Types of Apparatus, — In the first, shown diagrammatically in Fig, i, 
and known as the “ Diaphragm” adaptation,' the gaseous mixture, in 
approximately the proportions for complete combustion, is forced 
under slight pressure from the chamber B through the porous dia- 
phragm A of refractory material, and is ignited on the exit-face, 
where it burns flamelessly, raising the surface to incandescence. 
The layer in which combustion takes place is only several milli- 
metres in depth, but the temperature produced there is estimated 
at about 850" C. (using coal-gas). Being operable in any position, 
the apparatus finds ready application to the evaporation of liquids, 
industrial heating, and domestic cooking, toasting, etc. 

The coarseness or fineness of the diaphragnt is graded to suit the quality and 
pressure of the gas employed. Generally speaking, with a rich gas a fine grade 
IS used, while for poor gases and moderate temperatures a eoarser grade only need 
be employed. The degree of porosity in all cases is such that the question of 
back-firing is almost out of consideration. 



FtG. I. 
Section of 
Porous Dia- 
phragm with 
Mixing Cham- 
ber at Back. 


In the second and more important form of the apparatus, known 
is the “Cavity Cobble ” or “ Granular Bed," 
the diaphragm is replaced by a bed of granu- 
lar refractory material, and it is then on the 
surface of these granules that incandescence 
occurs, rendering the whole bed of material a hot glow- 
ing mass. Thus in Fig. 2 is shown a muffle surrounded 
by refractory granules to which a mixture of com- 
bustible gas and air in their combining proportions is 
supplied through an aperture, the cross section of which 
is such that the speed of injection is in excess of the 
speed of inflammation of the mixture. The combustion 
in the bed of material is so rapid that very high. tem- 
peratures are developed. The maximum naturally de- 
pends upon the working conditions, but temperatures 
in the neighbourhood of 1,500° C. in a muffle furnace 
can readily be attained. 

This latter method is clearly capable of a vast num- 
ber of industrial modifications. The refractory material, in the form of a bed, 
may function as a hearth or a furnace ; or it may be packed into tubes which are 
bodily immersed in water for steam-raising purposes, or in metals and alloys which 
it is desired to melt, etc. These and other purposes will be dealt with more fully 
later. 



Fig. 2.— Diagram showing 
Arrangement for the Heat- 
ing of a Muffle Furnace. 


Obseirations Applicable to all the Modifications 

Refractory Mttcrial. —For gases of low calorific value— Wait-funiace gas, producer-gas, etc. — 
a Urge numMr of refractory materials are avaiUble, e.g.f calcined fire-clay, ganister, etc. But 
where high temperatures are concerned, the choice of refnurtory material is limited. Indeed, the 
material practically determines the limit of temperature, for platinum can be melted and car- 
borundum decomposed by this method. However, the best materials available for high-temperature 
work are carborundum and |mre caldned magnesia, the use of both being subject to certain 
conditions. The selected material is used in the form of granules, meshed to a suitable size. 

Porous diapbr^ms are made in one or two wa^ either fire-clay is mixed with finely-divided 
combustible material, such a$ fine seed or bran, aitn the latter then burned out, or burnt fire-clay is 
coarsely ground and meshed, and then mix^ with a powder adapted to serve as a cementing 
ntaterial. Where a certain amount of form is neeeMtry, a framework of wire is ^ployed. 


SURFACE COMBUSTION 


59 


Gases. — It is one of the great advantages of the process that it is adapted for a large variety of 
combustible gases-blast-furnace gas, producer-gas, water-gas, coke-oven gas, coal-gas, pelrol-air 
gas, natural gas, etc. 

The combustible gas and air are delivered to the refractory material hy two valved pipes, or by 
an adjustable injector or blower, or may be drawn through the apparatus by means of a fan. 

The combustible gas and air should be as thoroughly mixed as possible, in order to reduce to a 
minimom two sources of heat loss, vix., that due to excess of air and that due to incomplete 
combustion. 


To avoid the clt^ging of the pores of the refractory material, and the consequent necessity for 
its repeated renewal, it is advisable that the gases should be freerl from dust before injection. 

The air or the combustible gas, or both, may be heated before being delivered to the granular 
material. • 

Suitable devices for the prevention of back-firing are preferably incorporated with all apparatus. 

Lightings Up.— -The general method of starting the process is as follows : The combustible gas 
is first turned on and ignited ; then air is introduced until the flame previously produced strikes 
back and the porous material is raised to a suitable 
degree of incandescence. The proportions of gas and 
air are finally adjusted to produce the desired condi- 
lions. Where a combustible gas of too poor a quality 
to admit of the above is employed, the bed of refrac- 
tory material is previously raised to incandescence by 
using a richer gas or vapour. 

Utilisation of Liquid Fuel.— Though, hitherto, 
the fuel employed in the surface combustion process 
has been in the gaseous or vaporous conditions, ex- 
periments are now in progress with a view to the 
burning of liquid fuel. The most practicable method 
so far has been found to lie in the atomising of the 
li(|uid fuel by the incoming air and the delivery of the 
mixture to the combustion bed. The difficulties arising 
from condensation on the walls of the pipes are over- 
come by delivering the mixture of liquid fuel and exces.s 
of air to the granular ])ed at or during the time of 
mixing tlie constituents, For the purposes of explana- 
tion, the modification necessai*)* in the case of such a 
furnace, as is illustrated by Fig. 3, will be described. 



Fio. 3.— Utilisation of Liquid Fuel. 


The delivery end of the fuel supply pipe a is dis- 
posed within a very short distance of tne lower face of 
the combustion bed, and the liquid is allowed to flow 
in by gravity or under pressure, air being supplied at 
a low pressure through the surrounding pipe B. The fuel, escaping in the form of a film, is broken 
up by the passing air, and is delivered to the furnace in a state of division. An atomiser may be 
eniploj^d iastead, the fuel being sprayed by steam or compressed air. In all cases it is necessary 
to preheat the refractory Ired by means of combustible gas. The arrangement just described may 
l)e applied to practically all the fornjs of “ surface combustion” .apparatus yet designed. 


INDUSTRIAL APPLICATIONS 

I. Steam Generation and the Heating of Liquids Generally 

The most important commercial application of surface combustion is that of 
steam raising in multitubular boilers. At present the variations in the process are 
three ill number. 

{a) The first method consists of passing the mixture of combustible gas and air 
in suitable proportions, at a speed greater than that of ignition of the mixture, 
and under a pressure sufficient to overcome the resistance to gaseous flow, into 
contact with a bed of refractory granules disposed in tubes traversing the body 
of water to be converted into steam. 

The boiler (Fig. 4) is constructed with tubes of iron or copper running 
lengthwise across it (or vertically if desired) in the manner of smoke tubes, each 
tubS being packed with refractory granules. One end of each tube is closed with 
a plug of fire-brick through which is a passage for the entrance of the combustible 
gas and air, drawn in by a fan from a mixing chamber of special design on the 
front plate of the boiler. The mixture is ignited, and burns at or about the 
entrance of the tube, lined at this part with fire brick. 

The efficiency of the boiler may be increased by directing the escaping hot 
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products of combustion through return tubes, also filled with refractciy graaii!®; 
or, as shown m the figure, the hot gases may instead be utilised for racing the 
temprature of the feedwater by passage through similar packed tub^ aitan^d 
m the feed-water heater. Th^ devices serve the additional purpose of cooUn# 
down the products of combustion to a temperature at which they can be dealt witff 
by the fan employed to suck the mixture through the boiler. • 

The variation in steam demands is effected either by valves ' on the tubes 
^trying the incoming gases, or by electrical or other control of the fan-motor, or- 
by ananging the boiler tubes in groups which can be fired or stopped as required> 
By these means a wide variation of load can be dealt witli within the limits of a 
percentage or two of efficiency. 

The boiler tute are usually about 4 ft. long and 3 in. internal diameter, and ate fitted with a 
fire-clay plug of about 4 tn. m length with a J-in. diameter hole in the centre. Complete com- 
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Diacram illustratiac Booecourt Combustion woricina with Suction Principle, 

FiC. 4. 

takes place within about 6 in. to I ft. of the travel of the mixture, the remainder of the 
^1*^ sensible heat of the |;vodiicts of combustion. 

drop in temperature, and this causes a violent ciicnla- 
tion of the ^t<r m the boiler, which is found to be anfitvourable to sealing. 

, Teat— The detaiU of a five tours’ test upon a i lo-tube boiler will ftrnish some of the Hsuoil.' 
of the method, and give an idea ofikhe efli^ncy obtainable. 

Average suction throughout apparatus ■ - = 1 1 in. water gauge. 

Temperature of water entering boiler - - ,= 55*0. 

„ products leaving boiler - = 188° C. 

,, water entering feed-water heater= 17.5" C. 

„ products leaving „ „ =9o’C. 

^ rnetered, corrected to N.T.P. - - =40,162 cub. ft. 

Calonfic value ol gas per cubic foot at N.T.P. =521 B.T.U. 

Steam gat^e pressure .... - *■ 

Barometer 

Total absolute pressure 
Dryness of steam .... 

Water evaporated .... 

Heat nnits in I lb. of wet steam ■ . \ 

Enpomted at {12.4 lbs. perjsqnare inch f 

Eaatacf 

Power taken by fan equivalent to • 

effioeacy of boiler and (eed-sfotei 
toate after dednettag poim reqoired 
bjr Am . . . » . ' . 


;PT* w. 

=98 lbs. per iqaare inch. 

= ■4.4 M » 

= 112.4 per square inch. 
= 99 - 3 Jper cent. 

= 16,8^ lbs. 

= 1146.8 B.T.U. 

=90.5 per cent milaned. 

I la 3 lbs. of steam. 


rjo.4 P*f e*at nnlagpi 
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(#) In the second method, liquid or gaseous fuel is burnt in a combustion 
chamber situated within or in close proximity to the shell of the boiler. The 
(ffoduCts of combustion then pass through boiler tubes charged with the refractory 
material The granular material facilitates the heat transmission through the walls 
of the tube to the surrounding water by mixing the gases in transit, by assisting the 
combustion of any fuel not fully burnt originally, and by radiating heat to the 
walls. The principle of the method is therefore similar to that of the feed-water 
heater Of Fig. 3, though it is not the residual heat which is being extracted from- 
the hot products of combustion, but the primary energy. This method lends 
itself particularly to the utilisation of the hitherto waste product of a gas engine. 

(f) The third method applies to the tiring of boilers of all kinds. Inside the 
flue of the boiler are laid down rails upon which run carriages carrying flat trays 
or hearths of fire-clay, fire-brick, or other suitable material. Tbe floors of these 
trays are pierced by narrow apertures through which an explosive mixture is 
delivered at various points to a bed of refractory fragments on the hearth. Each 
supply pipe for the mixture is connected, as shown in Fig. 5, to a valved pipe for 
the combustible gas and a valved pipe for the air; The rails, preferably adjustable 
in height, are provided for the withdrawal at any time of the trays from the flue ; 
and, to facilitate the discharging of the granular material for purposes of renewal, 
the trays are adapted for tipping. If, now, tbe combustible mixture be ignited on 



the granular material, and the proportions of the constituents suitably adjusted, 
an incandescent hearth is produced which serves to heat the boiler. When flames 
are desired, the proportion of air in the mixture is reduced, and a further supply of 
air admitted to the flue to complete the combustion. 

II. Melting of Metal and Alloys 

Inside an asbestos-lagged tank is arranged a tul* stopped at the bottom by 
a fire-clay plug and filled with fragments of refractory material. A small hole in the 
plug admits the combustible mixture, which is fed in through a down tube. If 
desired, only the packed tube may be employed, the products of combustion, 
instead of escaping from the top as in Fig. 6, being allowed to bubble through 
the liquid to agitate it. In either form the whole heating arrangement is readily 
withdrawn. The apparatus is especially useful for keeping metal in a molten state 
for gdvanising purposes, or for the production of type-metal blocks, but can also 
be adapted for the evaporation of liquids, water heating for domestic purposes, and 
the concentration of solutions. 

III. Production of Nitrogen and Carbon Dioxide 

Recently a patent has been taken out for the commercial produetion of 
nitron and carbon dioxide by this process. The explosive mixture in the proper 
proportions for complete combustion is caused to burn in contact with a granular 
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incandescent solid, and 'the product, which contains none of the original products, 
is separated in a suitable way into its constituent nitrogen and carbon dioxide. 

IV. Crucible Furnaces 

A tilting crucible furnace is shown in Fig. j, but no description is necessary, 
for the general arrangement is the same as that of the muffle furnace already 
mentioned. 

V. Smith's Hearth 

Here again the arrangement is evident, being that of the third method of steam 
generation above described. 

The remaining applications are, like those of Figs. 7 and 8, merely variations 
of the preceding types, and as numerous other uses will occur to the reader, it is 
unnecessary to subjoin more, for no list could pretend to be exhaustive. 



Fig. 6.~MeUing Tank for Alloys. Fig. 7 .— Crucible Furnace. 


Advantages of the Method 

The advantages claimed for this system are : — 

1. The heat is generated within the mass of material to be heated, and conse- 
quently can be concentrated at any desired point. 

2. The heat is emitted in the radiant form, which is superior to that transmitted 
by condffction from pissing hot gas streams, in that it readily passes through the 
iniuMng “ dead-gas ” film clinging to the abrorber. 

3. The combustion is perfect with a minimum excess of air, which means that 

hhe loss of energy entailed by the escape of unburnt gases, or by the employment 
of a large excess of air, is almost eliminated. It also implies the complete absence 
of smoke. * 

4. The method is capable of absolute and easy control, whilst the personal, 
element is reduced to a minimum. 

5. Owing to the large amount of radiant heat developed, the transmission of 
h*?(tfTom the seat of combustion to the object to be heated is very rapid, ensuring, 
among other things, no lag in the temperature response. 
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6. Very high temperatures can be obtained without the use of elaborate 
“ regenerative ” devices. 

7. The development of incandescence is in no way dependent upon the outer 
atmosphere. 

8. The various devices work well with any gaseous or liquid fuel, or even with 
waste gases. 

9. The high efficiency renders the system very economical. 



Fig. 8.— Smith’s Hearth. 


In the case of steam generation, undoubtedly the most useful application, still 
further advantages accrue. Thus the floor space is reduced as compared with coal, 
fuel boilers, for no brickwork setting is required. Also, no chimney stack is 
employed, since the necessary pressure difference throughout the system is main- 
tained by the fan. Moreover, the boiler tubes are found to shed their scale in 
flakes as soon as formed, so that this source of trouble is diminished, if not even 
removed. 
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The most Taluable pyrometers are described in the catalc^ues of such firm sas the Cambridge 
Scieotidc Instrument Co. Ltd., Cambridge, and F. W. Paul, London. Much information contained 
in the older text-books and copied into some modem ones is now almost obsolete. 

The mieasurement of higher temperatures than those for which mercury ther- 
mometers can be employed has made great strides within the past ten years, though 
even now there is a great need for a simple and accurate means of measuring the 
temperatures, inside furnaces. 

For temperatures below 360° C., mercury thermometers are generally the 
most convenient, and are obtainable in various forms for bakers’ furnaces, etc., as 
well as in the ordinary patterns in general use and in chemical laboratories. 

fig». I, 2, and 3 show ordinary mercurial thermometers such as are used for registering the 
temperatures of steam-pipes, bakers* ovens, etc. The glass bulb is usually protected by being 
enclosed in a sleel chamb^, usually filled with mercury or metallic packing. 

' Fig. 4 shows a steel tube mercury thermometer, the instrument consisting of a cylindrical 
- ateei vessel about 8 in. long, filled with mercury, and communicating by means of a capillary 
steel tube with the spring of a special type of sieel tube pressure gauge. When the free end 
is exposed to heat' the mercury expands, and imparts motion to the pointer of the gauge. 
By attaching a long dextble steCl tube to the bulb, and a suitable recording mechanism, the 
varying temperatures may be continuously recorded by a pen on a dial. 

Electric resistance pyrometers are also used extensively at low temperatures. 

- . For temperatures below botf c., instruments based on the difference in 
the expansion of two metals, such as iron and copper (Schaeffer and Budenberg's 
{qnpnieter), ate convenient, but are too' slow to be used for accurate work. 
fTiermometers in which the liquid is an alloy of sodium and potassium may also 
be employed, also thermometers in which air or some gas (usually nitrogeiv) 
.dtKllipies a bulb, a (Fig. 5), its expansion moving a small column of liquid 
contained in a U-tube, b, d, outside the heated area. Such air thermometers are 
vpry sensitive and accurate up to the tempetabire at which the material of which the 
.■inStniment is made becomes porous (with porcelain this is about 1,000° C.), but 
'^the heated portion roust be as close as possible to the fluid which indicates its 
expansion, and the effect of a long intermediate tube is serious. 

'^Fpr temperatures of 5OT°-i,6oo° C., electricaF thermometers are practically 
ifnl; only ones which give a direct reading of the temperature. These are of two 
types — those in which the variation of the resistan^ of a platinum wire to an 
elKitical current is measured, and those in which the mount of current produced 
vat the junction of a platinum wire with one of a platinum alloy is measured. In 
each case the measurement is a direct function of the temperature, and as electrical 
nreasureotents can be made with great accuracy the temperatures pray be measured 
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with equal exactitude. The platinum resistance pyrometer consists of a 

battery producing an approximately constant current, a galvanometer for 

measuring the resistance, and. a wire (Fig. 6) (usually coiled) made of a 

metal of sufficiently high melting point to be resistant to 

the temperature to which it is to be exposed. This wire, 

being usually of a costly metal (like platinum), is connected 

to the other parts of the instruments by leading wires of 

copper. The coil is usually enclosed in a tube of porce- 

lain or other refractory material to prevent it being damaged. 

In one suitable method of using a platinum resistance pyro- 
metefi the thermo-element is plac^ in a furnace (Figs. 7 or 8} 
and is connected so that the temperature is read off on a '‘Whipple 
temperature indicator” (Fig. 9). This instrument must be connected 
to the pyrometer by means of four-way leads, which may 1)e of any 
length desired. 

To a 

it ai^HBii^^IBBIflBI^BillBBBm^IHlHII^BE^^^^^B 

the key F is 

pressed and 15O2 

thCt movement p- ^ —Baker’s Oven Thermometer, 

at ^ i^**oh- {Camhid^t Scientific Instrument Co. Ltd.) 


served. The 

pointer will be deflected one way or the other, but by tumii^ the handle n in the corresponding 
direction the pointer can be brought back to its zero position in the centre of the window a. 
-When this is the case, the temperature can be read on directly from the scale in this window. 
The scale is extremely open, being divided every i® C on the standard temperature scale from - to® 
to + 1,200* C. The necessary current is obtained from the two dry cells b , so that the instrument 
is entirely self-contained. Where preferred, a recorder (Fig. S) may replace the indicator. 

For medium and low temperatures the platinum coil of a resistance pyrometer may advan- 
tageously be replaced by one of nickel and iron. 


The thermo electric pyrometer is simpler to use, as it does not require 
a battery, but as the amount of current produced by heating the junction of the 

two metals is only feeble, the' measuring 



Fin. 5.— Air Thermometer. 


instruments have to be of very delicate con- 
struction, and are only suitable for high 
temperatures. 

Fig. 7 shows a method of measuring the tempera- 
ture of a furnace by a thermo-electric recording pyro- 
meter. 

Both platinum resistance and thermo-eiectrie 
pyrometers are acciirate to N C. at 1,000® C., if 
properly managed, though in many works an accu- 
racy of even 5®C. is considered sufficiently accurate, 
and somewhat less sensitive instruments may then be 
used. These instruments can both be made self- 
recording by providing the measuring instrument with 
a rotating roll of paper on which, to record the 
me.asurements of temperature at various intervals of 
time. They are, however, loo sensitive to be use«l 
by rough workmen, and they require to be standard- 
ised from lime to time. 

For temperatures above red heat, 

optical pyrometers offer several advantages, 
as they can be made without any limit to 
the highest temperature reached. Their 


usefulness depends on no part of the instrument being e.-eposed to the tempera- 
ture to be measure^ and this, at the same time, constitutes their chief liability 
to eiror. These optical pyrometers are of various patterns, but three types are 
in fairly general use: (<t) The absorption pyrometers in which the light 
emitted by the heated substance is received in a polariscope, and the angle 
through which the polariser must be turned to produce a characteristic neutral 
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Fio. 6.— Thermo Elemeni of 
Electric Rerisiance Pyrometer. 

{Canthid^e Seientific Instrument Cc. Ltd.) 



Fic. 7.— ThermO'Element in Furnace. 
{Cnmhridgt ScUntifie Instrument Cff. Lid.) 



Fio S.~ReconUBg Pfrometer in Use in Furnace. 
iCamMdte SeUntifie Iminemmt C*, Li4>) 
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^int is mepured; (i) photometric pyrometers, in which the light from 'the 
heated object is compared with that from a standard lamp, by noting the relative 
distancei of the object and the lamp from the eye of the observer when the light 



FtOi. 9.— Whipple Temperature Indicator. 
{Caitihruige ScieitUfit Instrument Co. Ltd.) 


from each appears to be of equal inteasity. Another form consists of a series of 
cells through which the hot body is viewed. The light is absorbed more or 
less completely, and the temperature indicated is 
the mean between two cells, one of which absorbs 
all the light and the other does not. 

In the CornU-Chatelier instrument the lamp 
bums pentane, and is provided with a red screen 
so as to make the light monochromatic. 

Fig. 10 shows the instrument. Two telescopes, ml and 
MA, are placed at right angles, ma being for observing the 
body, and ml for viewing the standard lamp. In front 
of the object glass of the observing telescope ma is an 
adjustable diaphragm or stop e. 0 is the eye-piece, which 
is covered with a monochromatic red glass screen. The rays 
from the standard lamp L are reHecled by the mirror m into 
the eye-piece 0, so that the two .sources of light are viewed 
tc^ether as two bright spots, one of which will usually be 
brighter than the other. Next, the diaphragm or stop e is 
adjusted aniil the two spots look equally bright ; the size of 
the opening in the diaphragm is read off, and the correspond- 
ing temperature is obtain^ from a table supplied with the 
instrument. 

In the Wanner pyrometer an electric lamp 
is used in combination with a set of prisms, so 
that wbat is actually compared is the polarised light from the object and from 
the standard light, the angle through which the analyser is rotated in order 
to make these two lights appear to be of equal intensity being a measure of 
the tem|etature. (c) The radiation pyrometer, in which the hesit 
radiatiohs are received on a delicate thermo-couple. This instrument resembles 



Fig. 10. — Cornu-Chalelier Optical 
Pyrometer. 
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the thermo-electric pyrometer previously mentioned (p. 67), but instead of the 
junction being placed inside the furnace, it is kept outside, and only the radiation 
from the hot substance is allowed to act on it. It bas been proved repeatedly 
that these radiations are directly proportional to the temperature, ahd are un- 
affected by the distance of the pyrometer within large limits. This’ is due to the 
use of a concave mirror, which brings the radiations to a focus, at which the 
junction of the thermo-couple is placed. This instrument can be employed for 
any temperature above the darkest visible red, and it is claimed by M. Fery to 
be more accurate than those in which the radiation is compared with a standard 
lamp, as the heat radiations and not tho.se of light are measured. 

Fig. II shows a workman taking the temperature of a gas retort furnace with a Fery 
radiation pyrometer, while Fig. 12 shows the same instrument mounted for taking the temperature 
of a pottery kiln. Fig. 1 3 shows a multiple switch whereby twelve parts of the same furnace or 
refrigerator or twelve different kilns may be connected to the same indicator. A test-plug to ensure 
the accuracy of the instrument is also included on the s\vitchlx>ard. 



Fig. 1 1. — Use of Fery Pyrometer to take Temperature of Furnace. 


From Fig. 1 1 it will be seen that the pyrometer coasisls of a telescope ntounled on a tripod 
and connected by leads to a millivoltmetcr. 

A section through the instrument is seen in Fig. 14. The heat rays \ from the furnace fall 
on the concave mirror c, and are brought to a focus at s Looking through the eye-piece E, this 
image of the furnace is seen in the small mirror >1, and by turning a screw head attached to the 
pinion F, can be exactly focussed on any part of the furnace whose temperature is required, a special 
optical device, explained later, being employed for this purpose. A small sensitive thermo-couple 
s, which is situated just behind a small hole in the mirror m, is therefore heated, and delivers 
a current to the millivolimeter, which is usually calibrated to read directly the temperature of the 
body at which the telescope is pointing. 

The focussing arrangement is carried out by means of two small semicircular minors fixed 
inside the telescope, and the observer," looking through the telescope, secs the reflection of the 
furnace or hot b^y in thcK mirrors, the two half-images coinciding wnen the instrument is correctly 
focussed. The sensitive element of the pyrometer must be exactly covered by the image of the 
sighted body. 

Taming a screw-head attached to r (Fig. 14) caues the upper and lower half-images to slide 
on one another, so that it is easy to get the exact focus. 

Where the temperature of parts of the furnace are required which cannot be got at by opening 
doors or making an opening in the wall, a cast-irem or fire'clay pipe about 4 ft. long is built into 
t^Turnace (see Fig. 15), the tube being closed at the end a which is inside the furnace, and 
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open at the other end. The end of the tube A takes up the Leuipeiature of the furnace, and on 
sighting the pyrometer on the blind end A tlie temperature is ascertained without allowing any cold 
air to find its way into the furnace, or flame to come out. 

A slightly cheaper and more portable but less sensitive instrument is Fdry’s 
Spiral pyrometer, in which the radiations are received on a small spiral composed 
of two different metals. The difference in the relative expansion of these two 
metals is made to operate an indicator. Though this instrument is useful for 
rough indications, the electric radiation pyrometer should be used for accurate 
work 



hit;. 12. — Fthy Radiator Pyrometer in Use at a Pottery Kiln. 
{Camlfridge InsttuiMtHf €<•. Lid-) 


The inelhod of receiving the radianl heat in this iniiti ument, and focussing il to form a heat 
image, which covers a sensitive element in the telescope, is exactly the same as for the Fcry 
electric pyrometer, but instead of using a thermo-couple connected to a graduated millivoltmeler 
outside the instrument, n very small bi-metallic spiral is used which controls the movements of a 
pointer over a dial marked directly in temperature d^rees, (he instrument being thus self-contained. 
The spiral U shown in Fig. 16. It is built up of two dissimilar metals, rolled flat and very thin, 
and coiled into a spiral shape. The one metal expands at a diflferent rate to the other, which causes 
the yiralto uncoil as the temperature rises. 

The reason why the F^ry pyrometers are independent of distance is due to the fact that so 
long as the heat imt^e formed by the concave mirror in the telescope is large enough to completely 
cover the sensitive element, then the element is really measuring the intensity of the heat image, and 
not the total heat reflecied, and it is a law of optics that this intensity is independent of the 
distance. For example, if the distance of the telescope from the hot body is doubled, then the 
total amount of radiant heat received by the concave mirror is reduced to a quarter (law of inverse 
squares), but the area receiving this heat, the optical image, is simultaneously reduced to 
a fourth, so that the actual heat intensity of the image remains the same. 
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Pyroscopes are instruments which show the. effect of heat ra^ than the 
actual temperature, and usually consist of substances of known melting points. 

Serious errors are sometimes made when attempting to compare the indications of pyroscojKs 
with those of the pyrometers just described, because of failure to recognise that these pyroscopes 
do not register temperature. 

The simplest pyroscopes are thin strips of metal which are placed in the 
furnace in positions where they will not be acted upon chemically by the gasis 
or contents of the furnace. As each elementary metal has a definite melting point, 
it is reasonable to suppose that if any given metal has not been melted when placed 
in the kiln or furnace, the temperature at which it melts has not been attained. 



fic. ij.— Multiple Switch for Resistance Pyrometers. 
{CamMdge Seitntijic Imttmmenl Co. Ltd.) 


Various considerations affect the matter, and whilst such an indication may be sufficient for some 
purposes, it cannot l>e used for accurate work. Thus the influence of lime is an important factor, 
and the melting temperature of the metal may have ))een reached, but it may not have been 
mamtained for a ^ffiaent time for the test metal to be melted. Moreover, it is extremely difficult 
to prevent oxidation and other changes occurrii^ in the metals used. 

Sentinel pyroscopes consist of alloys whose meUing point under favourable 
conditions is known, and are useffil for temperatures between aoo' and 1,000* C. 
Small pieces of these alloys are placed on porcelain saucers in various parts of 
the furnace ; those that melt indicate that the temperature exceeding their melting 
point has been reached. In this way the maximum temperature may be known 
within a range of about 20* C. For temperatures from 700’ to 2,000* C., Scffor 
cones ara the most useful pyroscopes. They consist of china clay mixed with 
:|;¥anou8 fusib le materials, such as felspar, ot with marble, which combines with the 


PYROMETRY AND PYROSCOPY 


73 - 


day and makes it more fusible. These materials are made into tetrahedra about 
in. high, with a base about ^ in. across its widest part, and when heated to the 
temperature they are supposed to indicate they bend over and eventually collapse, 
owing to the partial fusion of their mass. The critical point is usually taken as 
that at which the apex has bent over until it comes almost on a level with the base, 
»>., between cone i and cone a in Fig.-iy. 

- Under some conditions these cones give a useful indication of temperature, but no one has 
insisted more than Seger himself that what they measure is the heat effect of certain treatment, 



h'lG. 14.— Section through Fery Radiation l’)'romeier. 
{CaPtbridge ScieHiific fnUrumtHt Co. Ltd.) 



Fig. 15.— Fire-Clay Pipe in Furnace. 
{CamMdgt Scitntific fmlrwmtnt Co. Ltd.) 


and not the effect of temperature alone. If, for instance, a Seger cone indicating 1,000 C. is 
maintained for an excessively long time (at least forty-eight hours are needed) at a temperature ot 
900” C., and is then subiected to a higher temperature, it will not bend until a temperature of 
i,soo" C. is reached, on account of the volatilisation of some of its contained alkali. On the 
other hand, if the temperature is reached too rapidly, it may be found that a cone correspopding 
to I, ISO* C is bent, wliereas the actual temperatute may not be much above U. buch 

behaviour does not show that these pyroscopw ate indurate, but merely that the mformalion 
which give must be fully understor^ if their indications are to be relied upon. 

Holdcroft’s thermoscopcs resemble Seger cones in many respects, but 
are support^ horizontally instead of being kept vertical. Their critical point is 
indicated by the bar sagging in the centre (Fig, i8). 

Fyitacopes are often of much greater value than direct measurements of teraperaturiPin industnd 
operadoRS, ftsr they show exactly what is required to be known, namely, the effect of the heal 
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treatment ; they are extensively used in many industries, and have proved highly beneficial for all 
cases in which their indications have been sufficiently understood. 

A Special form of pyroscope used iti the pottery and allied trades consists of 
what are known as “trials”; these consist of a small piece of clay covered with 
a suitable glaze. The trials are placed in various parts of the kiln, and a suitable 
number is withdrawn at intervals ; if the trial piece is glossy, and the glaze is clear, 
a sufficiently high temperature has been reached in that part of the kiln ; if not, 

4 



I'lG. I".— Scgcr Cones. 


1 

Fic. i6. 

Ftty Spiral (4 times 
natural size). 

{Bf KOHftcty of th< Cambridge Siiemti/ii. 
l/utrHtueni Co. Ltd.) 



Before using. After using. 

Fk;. 18.— Holdcroft’s Thermoscopes. 


the heating must be continued. The composition of the glazes used depends on 
the conditions it is desired to obtain within the kiln; in most cases there is some 
clear relation between the glaze on the trials and that on the goods, but this is by no 
means essential. Another special form of pyroscope used in the Potteries is one 
devised by Wedgwood (Fijg. 19); it consists in placing small pieces of a suitable clay 
in the kiln, and withdrawing these one at a time as the heating of the kiln proceeds. 
The drawn “bits” are allowed to cool, and are then measured by means of a 
specially designed scale, when the amount of shrinkage they undergo is taken 
as some indication of the conditions existing inside the kiln. Such an instrument 
does not indicate the temperature, but merely the effect of the heating on the 
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Kic. 19. — Wedgwood’s Pyroscope. 


clay of which the “ hit ” was made, but it has long served as a useful indication, 
the simplicity of which causes it to be used extensively, even though its defects are 
now recognised more clearly than they were by the great potter who invented it. 
A modification of this device is useful in other industries where the elfect of 
prolonged heating or annealing cannot well be determined without such an aid, 
though the tendency in works at the present 
day is to use electrical iryrometers of the 
self-recording type. 

Where an approximation of the tempera- 
ture of a very hot substance *is desired, and 
no pyrometers or pyroscopes are available, 
it is sometimes possible to apply the method 
of mixtures which forms the essentia! features 
of Siemen’s water pyrometer (Fig. 20). This consists of a can with double walls 
to reduce the loss by radiation. In the can is placed a known quantity of water, the 
temperature of which is carefully ascertained by means of a sensitive thermometer. 
A small piece of iron, copper, or other suitable metal is placed in the furnace along- 
side the body whose temperature it is desired to measure, and when the two are 
at the same temperature, the cylinder is lifted out and carefully yet very rapidly 
dropped into the can of water. The water -is stirred with the 
thermometer, and its temperature, when .steady, is noted. The 
heat lost by the cylinder is the product of its weight, specific 
heat, and fall in temperature. This is exactly equal to the 
heat gained by the water, which is equal to the weight, specific 
heat, and rise in temperature of the water. From these factors 
an equation can be constructed, and the temperature of the 
hot cylinder when in the furnace can be calculated. 

This ineihwl is complicaUd by a variety of losses, for all of which 
alhiwances must be made, so that it is exceedingly difficult to get reliable 
results ; It is, however, useful, in the absence of more convenient appli- 
ances, in spite of Us inaccuracy. 

Krupp has adopted the same principle in a pyrometer 
devised for estimating the temperature of blast-furnace gases. 

In Krupp's instrument the hot gas passes into a special form of injector, 
where its pressure is measured ; it there draws in a definite quantity of air, 
with which it. mixes and becomes cool enough for its temperature to be 

U measured with a thermometer. It is, however, l)oth more convenient and 

more accurate to use an electric pyrometer. 

There is great scoi)e for an accurate pyrometer for icmpcriUures be- 
tween 900“ and 1,800" C. al a price not exceeding £2 or provided that 
such an instrument really indicates temperatures and not heat efibets, and 
that it is not loo delicate to be placed in the charge of workmen, and 
without the necessity for frequent and skilled calibration. For some pur- 
poses Fer}’’s spiral pyrometer is the nearest to the ideal instrument, but it 
is far too costly. Electrical pyrometers arc, generally speaking, admirable 
except for two reasons — they are loo delicale, and cost too much to be 
used in the large numbers which modern conditions render desirable in 
many works. The absorption pyrometers formed of two or more cells containing liquids of dif- 
ferent intensities of colour are convenient, but are open to the objection that they measure radiations 
of light rather than of heat, and it is the latter which are really required. 



Fig. 20.— Siemen’s 
Pyrometer. 
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Artificial cold is used industrially : (i) To stop or p-eatly diminish chemical and physio- 
logical change, e.g., for preserving meat, fora, etc., in sla^hier-houses, butcher shops| 
food factories, etc. The frozen meat trade of New Zealand, Australia, and Soutli America depends 
upon artificial cold, for (tc^ether with dryness) cold is one of the Wsl agents for preventirig the 
development of bacteria and fungi in perishable foods. In Continenla) breweries artificial cold 
is used for cooling the fermenting wort and also the maturing beer. 

{2) To aid wt progress of certain chemical changes, (.g, oils are coole<l (see Martin’s 
“Industrial Chemistry: O^nic”) in order to separate solid paraffin and stearin; glauiier salt, 
NajSO^.yHgO, is separated from a strongly cooled solution of magnesium sulphate, MgSO^, and 
common salt, NaCl. 

(3) Air is often artificially cooled in theatres, hospitals, and dwelling-rooms. 

(4) To remove moisture from the air forced into the fornaces used in iron making. 

(5) Fm freezing quicksands when sinking ^fts in enginee^ng operations 

Formerly the only method of producing cold was by use of natural ice or snow. 
However, as supplies of these commodities are difficult to obtain in summer, 
artificial ice is now manufactured solely by refrigerating machines ; breweries and 
slaughter-houses usually employ, however, not ice, but cooled brine or calcium 
chloride solutions, which are cooled ^to - to" C. (and below), and circulated 
throt^h the beer-cellars and slaughter houses by means of a system of circulating 
pipes. At the present time the use of ice for artificially cooling large rooms has 
been abandoned in favour of cooling by pipes conveying strongly cooled salt 
solutions. Sometimes the air of the rooms is directly cooled by passing through 
refrigerating machines. 

Compression Refrigerating Machinery.— Artificial cold is now alrnost 
invariably produced by the evaporation of a volatile liquid. An egsily condensible 
gas is (impressed by a pump until it liquefies. The liquid is then allowed to 
gasify ^un by the suction action of a pump. In evaporating to a gas, the liquid 
abstracts large amounts of heat (its heat of evaporation) from a surrounding solution 
of ^t^ thereby causing a considerable lowering of temperature. 
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Almost invariably anhydrous ammonia (NH^) is the substance used, although 
carbon dioxide, CO^, and (very seldom) sulphur dioxide, SOj, are employed to some 

Section 


I B 



Flo. I, — CompressiuR Ammonia Refrigerating Plant 


extent. Ammonia is favoured mainly on account of the large amount of heat 
absorbed in turning from liquid to gas. 
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Fig. I is a diagrammatic sketch of a “compression ” ammonia plant, designed by Linde. 

A is the compressing pump (“compressor”), b the “condenser,” and c the “refrigerator.” 
The pump A forces the anhydrous NHj into the condenser b, where it is surrounded by a stream of 
cold water, and there liquefies under the pressure. The liquid NHg flows through the valve v into 
the “refrigerator” c containing the liquid to be cooled (usually brine). Here the liquid NH.{ 
gasifies a^in, owing to the lower pressure caused by the suction action of pump a ; in gasifying 
great cold is produced and the salt solution in C surrounding the coils is thereby greatly cooled, 
sometimes to - 7“ or even to - 20° C. A much higher pressure prevails in the condensing coils in 
B than in the eva^rating coils in c, the connection between the two pressures being regulated 
by the expansion valve v. 

The pump A is usually a double-action, suction, and pressure pump, provided with four valves, 
through one pair of which ammonia gas is sucked in, and through the other pair simultaneously expelled 
in a highly compressed condition, this occurring with each rotation of the driving wheel. This pump 
is usually driven by a steam engine, gas engine, or similar source of power, either by direct 
coupling or by means of bands, etc. fn this apparatus both the condenser and the refrigerator 
consist of several iron coiled tubes welded together without flanges or other joins. The condenser 
coils are immersed in cooling water contained in a tank B ; the water is kept agitated by means of 
a stirring arrangement, and serves to take up the heat developed in compressing and liquefying the 
ammonia. Tlie evaporating coils (refrigerator) are contained in a similar tank c filled with a 
saturated brine or calcium chloride solution, which can be cooled from - 10° to -20® C., without 
solidification taking place. This strongly cooled salt solution is pumped away from c through a 
second system of pipes (not shown in figure) arranged throughout the place to be cooled. The 
cooled brine, after traversing these pipes and so producing the required cooling effect, finally pours 
back into c once again, is once more cooled and pumped forth again. 

In German breweries sometimes the wort itself is used as the cooling liquid. 

When ice is to be made the refrigerator coils dip into a rectangular tank filled with a concen- 
trated brine or calcium chloride solution, which is kept in steady motion by means of a stirring 
arrangement. Into this tank dip a number of boxes, made of thin galvanised sheet iron, which are 
filled with water. The water contained in the.se “ice cans” soon freezes, and the solid blocks 
of ice are obtained by removing the ice cans, dipping them for an instant into warm water (which 
melts ice adhering to the sides) and then dumping out the block of ice contained therein. The 
sheet-iron ice vessels are placed in and withdrawn from the refrigerating tank by means of cranes, 
or similar machinery. 

The physical properties— principally the boiling point, the latent heat of 
evaporation and the heat of liquefaction — decide the fluid chosen as the working 
substance of refrigerating machines. However, the substance must be inert 
chemically, and not attack the metallic pipes, pumps, etc. Anhydrous CO^ and 
SO. do not attack metals, whereas anhydrous ammonia, NH^, attacks copper in the 
presence of oxygen, but has no action on iron. Ammonia plants, therefore, are 
made solely out of iron. 

The following figures give the vapour tensions of liquid Nil,,, CO., and SO., as determined by 
Lorenz : — 

Vapour Tension in .Atmospheres = KitX)GRAius per Square Centimetre 


TemperaHire. 

Nil.,. 

CO.. 

SOj. 

•c. 

Atmospheres. 

Atmospheres. 

Atmospheres. 

- 20 

1.90 

20.3 

0.65 

- 10 

2.92 

27.1 

1.04 

0 

4-35 

35-4 

'•58 

-t- 10 

6,27 

45-7 

2-34 

+ 20 

8.79 

58.1 

3-35 

+30 

12.01 

73- 1 

4.67 

Boiling Points 

- 3a" c. 

-78“C. 

-8"C. 

Critical Temperatures • 

+ I36°C. 

+ 3>-4 



From this table it will be seen that if the temperature in the condenser is 
!o“ C., the pressure of the liquid ammonia is 8.79 atmos. ; if 30° C. the pressure is 
12.01 atmos. In th? refrigerating coils at -10" C., the pressure of the ammonia 
would be 2.92 atmos., while at - 20° C. the pressure would be t.go atmos. 

With sulphur dioxide, SO,, machines the pressures are much less, while with 
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carbon dioxide, COj, the pressures are very great, although in modem, eh^neetiilg 
practice these pressures do not cause serious difficulties. 

The latent heat of evaporation and also the specific heat of the above-nlentioned 
liquids vary very considerably with the temperature. In the case of the ammonia 
plant it must be remembered that the available heat absorption corresponds 
to the heat of evaporation of the liquid (at the average temperature of the 
refrigerating coils— e.^., about - ib' C.) less the heat required to cool tlje liquid- 
ammonia from the temperature of the condensing coils (e^., + zo" C.) to that, of 
the refrigerating coils (- io°X.). ' ' ; 

The following table gives the cold obtainable per cttbie metre of compressor cylinder space ,pqf 
kilo of liquid evaporated to r cnb. m. of vapour {at -ro‘’C.l:— 



NH,. 

SO2. 

COj. 

Latent heat of evaporation per kg. at 

322.3 cals. 

93.4 cals. 

61.5 cals. ^ 

- 10" C. 

Heat absorbed per kg. in cooling the 

27-5 »» 

9-8 „ 

17.8 ■„ 

liquid from f 20* C. to - 10* C. 

Cold producible per kg. at - lo* C. 

294.8 ,. 

83.6 „ 

43-7 .. 

Weight of each cub. m. of gas at - lo® C. 

2.32 kg. 

3 °4 kg. 

69 9 kg. ■ 

Cold producible per cub. m. ( - io° C.| • 

at 2.92 atmos. 
683 cals. 

at 1.04 atmOs. 
254 cals. 

at 27.1 atmos. , 
3,055 cals. 


It wiK be seen, therefore, that for equal amounts of cold production, the SO; will require the 
latest compressor cylinder and the COj the smallest. 

An average ammonia compression machine, cooling brine to - 7° C. (20° F.), driven by a steam 
engine using 7 kg. of steam pa I.H.P., will abstract 316 cals, pet kilogram of steam (B.T.O.).' 

As regards the theory of refrigeraling machines it will be noted that the working gases undergo 
a cycle of changes, returning after certain series alterations of temperature, pressure, and volume, 



back to their original condition. Referring to Fig. 2 the heat-q, absorbed in the relrigaator by 
the evaporation of the liquid into gas b obviously equal to the beat Q evolved in the condenser 
by the condensation of the same amount of vapour to liquid (this heat being given up to the cooling 
wata), less the amount of heat corresponding to the work done by the compressor in com- 
pressing the vapour to the pressure required to condense it to liquid — 


r'.e., Q, = Q- Qj,otQ = Q, + Qj. 

A reftigerating machine b simply a reversed heat engine, which takes in heat from a body 
below the normal temperature and imparts it to a hotter body (t.e., the cooling water of the 
condensa). The second law of thermodynamics asserts that this can only be brou^t about by the 
expenditure of mechanical work, whidi u changed into heat. Ihis work Q, is done by the comv 
pressor, and the smalla the amemnt of work expended in abstracting the quantity of heqt Q,.‘ 
the greater the efficiency of the machine. The greatest theoretical efficiency of a reC^rating 
machine b given by the equation — 


Efiiciency = 


Heat absorbed _ Qj _ 
Work done ~ ~ 
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Wliere Qi is the quantity of heat taken in at the lower absolute temperature Tj, the amount of 
work done by the compressor in abstracting this heat, Tg the higher absolute temperature at which 
this heat is given out to the cooling water of the condenser. 

- The following table gives the coefficient of efficiency for several temperature differences : — 


Temperature “ at which 
Heat is Abstracted. 

Temperature at which Heat is Rejected. 

10° c. 

>5”C. 

20° C. 

■25"C. 

30° C. 

33” c. 


8.43 

7-23 

6.32 

5-63 

5.06 

4.61 

- 15“ c. ■ 

10.32 

8.61 

7.38 

6-45 

S-74 


- 10° C. 

>3-15 

10.51 

8.77 

7-52 

6-57 

385 

. ”5°^- 

17.86 

13.4 

10.72 

8-93 

7.66 

6.70 

~ 0 C. 

27.30 

18.2 

1365 

10.92 

9.10 

7.80 

- 5°C. 

55.60 

27.8 

i 8-53 

13.90 

II. 12 

7.29 


For example, a refrigerating machine abstracting heat at - to” C. from brine and giving it up 
at + 10° C. to the cooling water, has a maximum theoretieal efficiency of 13. 15, i.e., by expending 
one unit of mechanical work (expressed as calories) we abstract 13.15 cals, from the brine. 

_ In practice, however, such an efficiency is never realised, because work must be expended in 
agitating the cooling water of the condenser and in driving the cooled liquids through the pipes, 
etc., also losses occur through defective valves, etc. 

In general it is found that t H.P. applied per hour will abstract 2,000 cals., corresponding to 
the formation of about 20 kg. of ice (latent heat of ice = 79 cals.). 

Absorption Machines. — These are the oldest ice-produciiig machines, and are 
still used to some extent. In the ammonia absorption machine a concentrated 
solution of aqueous ammonia is heated in a chamber called the “ generator,” and the 
gaseous NHj thus expelled is condensed by its own pressure to a liquid state in 
another chamber called the “ condenser.” A third chamber containing a cold 
aqueous solution of salt or cajciuni chloride is now put in communication 
with the liquefied ammonia in the “ condenser.” The latter is rapidly absorbed, 
and the liquefied ammonia evaporates, thereby producing cold. The solution 
of ammonia thus obtained is now once more heated, and the NHj expelled, and 
the latter is once more absorbed in aqueous salt solution. The process is thus 
continuous and no compressor is needed. When the external temperature is high, 
as in the tropics, only a small amount of energy is necessary to work the plant. 

One kilo of .steam supplied to the regenerator will abstract about 280 cals, 
from the refrigerator, when cooling brine to - 7° C. (20” F.), and using cooling water 
at 15.5° C, (60° F.). 

In Carre and Winhausen’s “vacuum ice machine” water is caused to rapidly evaporate by 
evacuating the chamber in which it is contained and absorbing at the same lime the evolved vapour 
in concentrated sulphuric acid ; about 8o per cent, of the water is thereby converted into icc. This 
machine — only capable of producing icc — is now seldom met with. 

Cold Air Machines. — These abstract heat by first compressing air (or other 
gas), cooling the compressed air, and then allowing it to expand, thereby producing 
cold. For example, if air is compressed suddenly (without allowing any heat to 
escape) to 3 atmos.,.a temperature of 100” C. is attained. 

Suppose now this hot compressed gas is cooled by cooling water, and then 
allowed to expand to atmospheric pressure in a fluid vessel, a cooling effect of 
- too” C. will be produced. 

For economical use all moisture should be mechanically extracted from the compressed air 
before expansion, otherwise the valves of the machine block up with frozen moisture. Cole’s 
Patent “Arctic” cold air machine is stated to be successful. Windhausen and Bell-Colemann’s 
machines are also well known. It is stated that these machines require a much greater cylinder 
space for the production of a given degree of cold than do “ compression ” machines, and so cannot 
compete with the latter type of engine. However, within recent years great improvements have 
been made in cold air machines. 

VOL. I.— 6 
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SECTION IX 


THE LIQUEFACTION OF GASES, 

Including the Manufacture of Oxygen, 
Nitrogen, and Hydrogen from Liquefied Gases 

Lieut. John M. Dickson, B.Sc. (Lond.), Chemical Engineer 
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Andrews, in 1868, found that each gas has a “critical temperature” above which 
it was unliquefiable whatever the pressure. It is only necessary, in order to liquefy 
the “permanent gases,” to 6nd this “critical temperature" and go below it. 

The commercial realisation of this was due to Carl Linde, who in 1895 
inaugurated a system which to day shares with the Claude system practically the 
monopoly of the liquid air industry. 

Theoretical Consideratioos. — The production of extreme cold in modern processes is 
obtained by the expenditure of mechanical work, namely by compressing a gas or vaixjur, and then 
allowing it to expand in such a manner that owing to the cooling produced it will absorb heat from 
the substance to be cooled. 

When a gas is allowed to expand from a volume ru to a volume f, against an eattrnal pressure, 
the gas performs external work— 



which results in the abstraction of an equivalent amount of heat from the gas or its surroundings. 

There should, however, be no heating or cooling of a perfect gpes on free expansion, t.c., when no 
external wort is petjormed. Kelvin and Joule, however, found that air, oxygen, nitrogen, and 
carbon dioxide were all cooled on free expansion, the cortling being most noticeable in the case of 
carbon dioxide, the least perfect of these gases. This coolipg is explained by the fact that in- 
temal work is performed during the separation of the molecules, which occurs during the expansion 
of the gas. In the case of hydrogen a small heating effect was noticed, but it is now known that 
hydrogen, on expansion, is cooled like any other gas, provided the temperaltve is below a certain 
value. The fall in temperature in degrees Centigrade in the case of air on free expansion was 
given by Thomson and Joule as : — 


0.276 

where T is the initial absolute temperature of the gas, and /o and A the pressures before and after 
expansion. Thus the fall in leraperattire of air expanding at ordinary temperature (15* C.) from 
100 atmospheres to atmospheric pressure is about 25^ C. 

Emil Vc^cl has recently shown ^ that as the pressure increases, the cooling per atmosphere 
drop decreases, so that at ordinary temperatures the limit is reached if the pressure is raised to about 
300 atmospheres. The formula expressing the cooling effect is given as 

dt = (a 268 - 0.00086/) 

The Priodple of the Tempenture Exchanger.— The fall of temperature of 25'’ C., due to a 
fall in pressure of 100 atmospheres (see above), is of course entirely inaaequate for the spontaneous 
production of liquid air, the boiling point of which at atmospheric pressure is - 193'' C. In mt^ern 


^ ** Uber die Temperatorveriinderui^ von Luft uml Sauerstoff.” Berlin, 191a 
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practice, therefore, the principle of the temperature inierchanger is applied. The essence of this 
principle, first suggested by Wilhelm Siemens in 1857, is as follows 

The compressed air passes through the tube A (Fig. l) into the expansion apparatus B, where 
it is consequently cooled. The expanded and cold air passes out by means of the tube c concentric 


u 

1 


A 


B 



Fig. I. — Temperature Interchanger. 


with A, and thus cools the ingoing compressed air. A cumulative fall in temperature therefore 
results, which theoretically is only limited by the actual production of liquid air. By this means 
it is ensured that when the expanded air escapes into the atmosphere it is only slightly inferior in^ 
temperature to that of the compressed air entering the exchanger. In good modern exchangers the 
difference in temperature between the ingoing and escaping air is only 3° or 4” C. 


Types of Air-Liquefying Machines.— Liquid air appliances are divided 
broadly into two groups— (1) those, such as the Linde and Hampson systems, 
which depend on internal work^ ie., on tlic Joule-Thomson effect, and (2) such 
as the Claude process, which is a solution of the problem of expansion with external 
work. 


r. The principle of machines depending on internal work is as follows : — 




Fig. 2. — Principle of 
Machines depending 
on Internal Work. 


The air, compressed to a high pressure and freed from moisture 
and carbonic dioxide by circulating through purifying tubes, i.s 
allowed to pass by means of a tube a (Fig. 2} (in reality in the 
form of a long thin spiral) to the valve u, where c.xpansion by simple 
outflow takes place. Cooling takes place according to the Joule- 
Thomson effect, and the cooled air is led back through a tube 
c concentric with a, and finally is discharged into the atmosphere 
or Kick to the compres.sor. Owing to the exchange of heat from 
the compress^l to the expanded air, the temperature of expansion 



Fig. 3.— I'rinciple of Machines depending on E.xternal Work. 


is rapidly lowered, until finally the temperature of liquid air at the pressure to which the air expands 
is reached. From this moment some air will liquefy' at the expansion valve and will collect in 
vessel D. 

2. The second method of liquefaction, that depending on txternal work, 
is an application of the suggestion made by Lord Rayleigh in 1898, that if the 
simple expansion described above were effected against the vanes of a turbine, by 
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thus utilising external work done by the expanding gas an increase of efficien|j|" 
would result. 


In actual practice the compressed air is delivered through a pipe A (Fig. 3) to th^ expansfon 
machine B, which in this case is a compressed air motor working against an external resistance. 
The expended air returns to the compressor by means of the tube c concentric with a. By this 
means the gas on expansion performs external ivork against the external resistance, thus regaining 
a large proportion of the work employed. in compression, and, theoretically at least, there should 

be a laige increase in efficiency. 



It is of the utmost importance in all 
liquid air appliances that the air supplied 
be -purified and dried as perfectly as 



Fig. 5.— linmpson’s App-iratus. 
Details of Upper Part. Section 
a( Right Angles to Fig. 4. 



Hampson's Apparatus. View of 
Expansion Coils from above 
(British Oxygen Co.). 


possible. It can easily be seen that the 
least trace of impurity or moisture slowly 
accumulating and condensed in the lique- 
fying apparatus will be fatal in a short 
space of time by causing a blockage of 
the tubes. 


Hampson’s Apparatus.— This apparatus, although only a laboratory 
appliance and of low efficiency, has the- merit of simplicity and handiness. It 
b^ins to liquefy air after ten minutes’ working, and produces about a litre of liquid 
air per hour wi& an expenditure of 6 H.P. on the compressor. 

F^ 4, 5, 6 , 7 give sectional views of Ibis liqnefier. Air is drawn into a compressor throi^h a 
purifier containing slaked lime, which removes carbon dioxide. The compressed air at a pressute 
of about aoo atmospheres then passes thiongb a vessel in which most of the water picked up in the 
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(S(^n^»«seor is separated out, and afterwards throt^h caustic potash, which removes the last traces 
of moisture and carbon dioxide. 

The purified compressed air passes through the inlet a into the regenerator coils B. It travels 
down thp ^ils, and escapes at the valve c, which is reflated by a hollow spindle D, provided with 
a hand vmeel b. The au expanded down to atmospheric pressure passes back over the regenerator 
<»ils, and escapes by the pipe f (Fig. 5) back to the compressor. After about ten minutes’ working, 
liquid air collects in the receiver g, and can^ lun olf throu^ the tube R by opening the valve? by 
means of the handle t. ' * 

The outlet air pressure is indicated by the glyceripe gauge L, while a pressure gauge 0 registers 
th^ pressure of the compressed air. k and are thermometers indicating the temperatures of 
outgoing and iitcoming air. 

The liquid receiver holds about too c.c. The level of the liquid in it is shown the small 
gauge H, which communicates wiih the receiver by means of a pipe j and the hollow spindle D. 



. — Linde’s Apparatus for Lique^ii^ Air. Laboratory Type. 


When liquid mr collects in the receive g, it compresses the air in the pipe j, and so displaces the 
coloured liquid in the gauge glass H. 

AU the cold parts are carefully protected against the penetration of external heat hy a thick 
covering of insulating material. 

The advantage of this apparatus, which is absolutely practical and used in a 
large number of laboratories, is its extreme simplicity, there being only one gauge 
to watch and one valve to control. It is sold by the British Oxygen Co. 

The Linde Process.— In this process, the expansion of the compressed gas 
takes place by simple outflow. Fig. 8 gives a diagrammatic representation of 
the laboratory type of Linde machine. 

The compressor takes air from the atmosphere, and first compresses it to 40 atmospheres in b, 
and farther to 200 atmospheres in d. The compressed air passes first into the iron bottle f, where 
moat of the moisture and impurities are deporited, then through a coil^, placed in a refrigerating 
doixture, where it is cooled and deprived of the rest of its moisture by solidification. The dry com- 
pressed air then passes through the pipe Pg into the inner tube of the temperature exchanger, which 
IS in the form of mree concentric spiral tubes. Expan^n down to 40 atmospheres takes place at the 
needle valve a, which is r^ated by a cock. The expanded and thereby cooled sir returns by 
tpeara of the middle l^be of the temperature exchanger and the pipe to the compressor, where it 
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is again compressed to 200 atmospheres. Prc^essive cooling is thus produced until a sufficiently 
low temperature is attained to liquefy some of the air expanding through the valve a. This liquid 
is allowed to pass at intervals through the valve i into the vessel c, where the pressure is atmos- 
pheric. This fall in pressure of the liquid produces a considerable evaporation, and therefore the 
evaporated gases are caused to pass through the outer tube of the exchanger into the ’ atmosphere, 
rhus ensuring that on their exit into the atmosphere all their cold is given up to the incoming 
compressed air. The amount of liquid air iu the contaiper c, which is in the form of a double-walled 
vacuum vessel, gradually increases, and can be run off through a tap H. The whole of the 
exchanger is covered by a wooden casing, filled with sheep’s wool lagging, to prevent the entrance 
of heat from the surroundings. 

A machine of this type producing 50 litres per hour requires 2 H.P. per 
litre, and begins to produce liquid after about ninety minutes’ working. The 
following table indicates the increase in efficiency produced by the initial cooling 
of the compressed gas : — 


? f With previous 









j Output, J cooling - 

! litres per hour 1 Without previous 

°-5 

i.25 

2 

J i 5 

10 

20 

50 

100 

1 I, cooling - 





5-5 

12.5 

35 


1 Power used, H.P. 

Cooling water used, litres per 

3-5 

5-5 

8 -S 

12 ; 19 

30 

52' 

105 

190 

' hour . 

250 

400 

600 

850 1 1,400 

2,300 

3,800 

8,000 

] 5,000 


This cooling in the smaller machines is obtained by a refrigerating bath as 
shown above, which also solidifies the moisture and thus dries the air. In the 
larger machines an ammonia compressor is used to cool the air, which is first dried 
by passing over calcium chloride. Such an installation is shown in Fig. 9. 



Fig. g.— Linde Process— Large Installation. 

{Fnm Chtudis " Liquid Air, Oxnm, and Nitrcgrn." rranrUttd by Cattnll, and fnUitktd by 
^ A. Churchill, London. Rtproduetd wilA kind ftnninion,) 


For large installations a three stage compressor is osed. The air compressed to 200 atmospheres 
cylinder f loses most of its moisture in b and is completely dried over calcium 
chlonde in c. It then passes through the inner tube of the cooler DE by means of the pipe to 
the inner tube of the exchanger f which has been described above, p. 87. The air at about 50 
atmospheres coming from the middle tube of the exchanger F is passed through the outer tube in 
the top half of the spiral cooler D, thus producing a preliminary cooling of the compressed air, 
ud so to the compressor where it is again compressed to 200 atmospheres. The auxiliary cooling 
is effected by an ammonia compreswr 1.. The compressed ammonia is cooled and liquefied in the 
water bath m. TTie liquid ammonia expands through the outer tube of the cooler E, thus cooling 
the compressed air passing to the exchanger F. The expanded gaseous ammonia is then returned 
to the ammonia compressor throujgh the pipe R. 
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Carbon dioxide is removed from the air by passage over lime or caustic soda. 

Recently Professor Linde has used another method of desiccating the air by 
means of cold. The rime is condensed in the exchangers which are changed over 
every twenty-four hours, thus allowing the apparatus to work continuously for 
twelve days or more. 


Theory of the Linde Process.— In the case of the expansion of a perfect gas by simple outflow 
without sensible velocity from a pressure Pi to a pressure the work done is always against the 
pressure /g, and thus the work involved in the expansion is— 

Jpdv = p^du = p^.y, 

where is the expanded volume. ' 

From a consideration of Boyle’s Law it can be shown that this work is not translated into 
cooling. 

Air, however, is far from being a perfect gas, and instead of assuming that the relation of 
temperature, pressure, and volume is given by Boyle’.s I-aw, vi2.,;>y=RT, where Pj is a constant, 
the facts are far more closely expressed by Van der VVaals’ equation — 

where a, by and R are constants. 

If, therefore, an imperfect gas expands from a volume :'j to a volume Vn, the work done due 
to internal pressure of the molecules is— 



If, as is the case, practically the volume is great compared to the "internal work” 


due to expansion is ^ . 

A full consideration of the problem shows that the whole practical cooling effect or expansion 
Ijy simple outflow is due to this e.xternal work. 

ThS conclusion is somewhat modified in practice l>y the fact that the compressed gas l)efore 
expansion first passes through the temperature exchanger, but a complete analysis of the facts 
supports the view that the whole cooling effect depends on the state of the compressed air at 


entry to the exchanger, the cooling effect being equivalent to ~y where s-, Ls the volume of the 
gas at the entry to the exchanger. In order to increase the yield the quantity ^ should be increased 


as much as possible. Obviously in order that Vy shall be small the pressure of the gas before 
expansion must ^ high. This is the case in the Linde process, the air being compressed to about 
200 atmospheres. A considerable increase in efficiency is obtained by expanding down only to 
about 50 atmospheres instead of right down to atmospheric pressure, for as by this means the work 
of compression from 50 to 200 atmospheres is far smaller than is the case from 1 atmosphere to 
200 atmospheres the cooling effect on expansion in the two cases is practically the same. Thus 
tile work of compression from a pressure of i atmosphere to 200 atmospheres is proportional to 

lf,g 52 ?z= 2 . 3 , whereas the work of compre.ssion from 50 atmospheres to 200 is proportional to 
log ^=0.6 only. 

Linde, therefore, expands from 200 to 50 atmospheres, the expanded gas being returned to the 
compressor at this pressure. 

As the cooling effect depends on the state of the gas at entry to the exchanger, an increase in- 
efficiency is also obtained by cooling the compress^ gas before it enters the exchanger, thus 
decreasing f'> and increasing the value ~ . The Linde process actually employs an auxiliary cooling 
machine which cools the gas after compression, and before passing into the exchanger. 


The Claude Process.— in 1902, after several years of experiment, Claude 
first liquefied air by allowing compressed air to expand in an ordinary compressed 
air motor, thus producing extreme cooling effects due to the external work done by 
the expanding gas on the piston of the motor. 

One of Claude’s greatest difficulties during his work was the lubrication of the moving parts of 
the machine when at the low temperatures attained. This difficulty was at first obviated by the 
use of petroleum ether, which at these low temperatures acts as an eacellent lubricant. When the 
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machine was started up, ordinary lubricating oil was used, this being gradually mixed with In- 
aeasing quantities of ^troleum ether as the temperature fel). In 1912, however, Claude kcceeded 
in abolishing all lubrication by the use of suitaUy prepared leather stampings on the working 
part& This leather was found to retain its ordinal properties at these low temperatures, and 
required no lubrication whatever. 

Claude’s first attempt met with ill-success, owing to the fact that, as air becomes 
more and more imperfect as the temperature decreases, he was obtaining only a 
slight expenditure of external work due to the expansion of the cooled This 
imperfection is also enhanced by the increase of specific heat of air with decrease 
of temperature, which limits the fall of temperature due to the expansion.. 

The solution of this difficulty was found in slightly raising the initial temperature 
of expansion. Claude’s method of obtaining this result is shown in Fig. i». 



Fio. 10. —Claude Process. 

{RtkTodvced/rom Clauiit's I.iqtud Air, O.xygtn, and Xitragen,” ivith kind permission of the 
puiitthert, Messrs]. ^ A. Churchill.) 


The compressed air at a pressure of 40 atmospheres passes through the inner 
tube A of the exchanger M to the expansion machine D. The expanded and cooled 
air then passes upwards round the outside of the tubes of the liquefier L. These 
tubes are supplied with the compressed air at' 40 atmospheres from the- tube a. 
This compressed air is thus progressively cooled by the expanded gases circulating 
upwards until the temperature of liquefaction at 40 atmospheres, viz., about -.140* C., 
is attained. Liquefaction then commences in the tubes, the liquid collecting in 
the bottom of the liquefier from which it can be run off by means of a cock. The 
expanded gas passes round the tubes of the liquefier and thus attains the tempera' 
ture of liquefaction of the compressed gas; it then passes into the outer tube b 
of the exchanger, and thus cools the incoming compressed gas, which, therefore, 
reaches the expanding machine at this temperature. In this way it is ensured that 
the initial temperature of expansion does not fall so low that the gas becomes too 
imperfect to produce liquefaction.__ In order that this temperature should remain 
at the desired height the liquid formed in the liquefier must be run off at iritervals. 

In more recent nuchinealsee Fig. 1 1) the advantages gained by the above procednte are increawd 
by the method of compound Uqiwfaction in which the expansion takes place in two stages. The 
compressed air passes throagh the tabes of the exchanger into’ the first expansion machine. The 
partially expanded gas then circulates round the top part A of the liquefier tubes which are fed with 
compressed gas by means of the tube s. On leaving the top of the liquefier the partially expanded 
gas undergoes a second expansion m C^, on exit from which it flows round the bottom half of ^e . 
tubes of the tiquefier, then means of the outside tubes of the exchanger M back to the com- 
pressor. The liquid formed in the tubes of the liquefier collects in the vessel D. The compound 
expansion machine is arranged with the two expansion cylinders on the same duft, using a sinj^ 
piston, thus obviating difficwtiet duo to leaks on the high pressure cylinder. 
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Table of Output of Claude Machines. 


Output. 

H.P. 

Litre* per hour. 

used. 

■ 5 • ' • 

- 15 

so 

• 60 

65 

■ 75 


The advanli^es of the Claude process are : — 

1. The use of comparatively low pressures of the com- 

pressed gas. 

2. Short time . necessary to attain the temperature of 

liquefaction. 

Consequently the process is increasingly in favour. 

The Separation of the Constituents of 
Liquid Air.— The basis of the separation of the 
elements of air by the method of liquefaction was 
first suggested by Parkinson in rSqa and depends on 
the difference in their volatility, the boiling points 
under atmospheric pressure being - 182.5° C. for 
oxygen and - 195-5' C. for nitrogen. The problem, 
therefore, is not very different from the separation of 
a mixture of alcohol and water, although the simple 
fractional evaporation of liquid air gives very poor 
yields, and it was not until Linde in 1902 utilised the 
method of rectification that the process became one 
of commercial importance. 



Fig. II.— ClaucJe Process, with 
Expansion in Two Stages. 


The following table of Linde’s experimental results gives from 

the composition of the liquid and gaseous states as liquid air 

slowly evaporates, Mturt J.b* A. Churchill.) 


Per Cent. Liquid 
Evaporated. 

Per Cent. Oxygen in 
Liquid Phase. 

Per Cent. Oxygen in 
Gaseous Phase. 

Per Cent. Oxygen 

Left in Liquid. 

0 

25 - ‘. 

7-5 

100 

50 

37-5 

15.0 

80 

70 

50.0 

23.0 

65 

So 

60.0 

340 

52 

85 

67- 5 

42.0 

43 

90 

77.0 

52.0 

33 

95 

SS.o 

70.0 

19 


K- . - 

From this it will be seen that in ordinary evaporation to obtain an oxygen residue of 50 per 
cent, purity, 76 per cent, of the liquid must be evaporated with a loss of 35 per cent, of the total 
amiable ox^en. 

Similar results were ohtmned by Baly in 1900. 


temperature. 

Per Cent. Oxygen 
in Liquid. 

Per Cent. Oxygen 
in Vapour. 

Temperatore. 

Per Cent. Oxygen 
in Liquid. 

Per Cent. Oxygep 
in Vapour. 

- ■95-46 

0 

0 

-188 

72.27 

44.25 

-■95 

8.10 

2.18 

- 187 

77.80 

52.19 

-■94 


6.8 

-186 

82.95 

60.53 

- 193 


12.0 

-185 

87.60 

69.58 

-192 


17.66 

- 184 

91.98 


-191 


23.60 

-183 

96.15 

89.^ 

-190 


29-93 

-182 

100 

100 

-1*9; 

66.20 

36.80 


’ 
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* From this table it will be seen that the vapour phase is richer in nitrogen than the liquid phase. 
For instance, when liquid air (21 per cent. 0, 79 percent. N) eva^rates, the vapour contains some 
7 per cent, oxygen. 'lhi& in simple rectification, although all the nitrc^en can be expelled from 
the liquid, the nitrogen itself will contain at least 7 per cent, oxygen. 

In order to produce the evaporation of the liquid air economically, it is‘ 
essential that no cold should be lost either from the liquid or from the cold 
evaporated gases. In modern processes this is ensured as follows 1 — 

The liquid air to he evaporated iscontainediiUhevessel v (Fig. 12), containing a series of tubes F 
through which the cold compressed air is passed. The cold from the evaporating liquid air in v causes 
liquefaction of the compressed air in the tubes, this air having already been cooled by passage through 
the exchanger h in a reverse direction to the cold vapours from the evaporating liquid. The licluid 
formed in c is passed into the evaporating vessel v by means of the tube k. 



r 

ifr 

\ 

IV - : 

1 €■- 



nitrogen 




KlO. 12. — Apparatus for Evaporating 
Liquid Air. 


Oxygen 


Kic;. 13.— Linde’s Apparatus for Oxygen. 

(Frt>m Ciaudt't Liquid Air, Oxvgtn, and 
Nittcgm," by kind ytrmittien »f the 
pithliskers, Messrs J, ^ A. Chm-chilti) 


Although by this means evaporation is produced with the penetration of very 
little heat from the surroundings, yet the amount of liquid formed from the 
compressed air is necessarily not equivalent to that evaporated, and therefore it 
is necessary to make up the loss by the continuous addition of liquid air. 

Linde’s Apparatus for Pure Oxygen.— Linde’s method of rectification is 
shown in Fig. 13. The liquid air to be evaporated is contained in v and its 
evaporation is produced by the liquefaction of the compressed air in the tubes f 
contained in v. The liquid air thus formed is discharged by the tubes a at the 
top of the rectifying column up which the vapour from the evaporating liquid in 
V ascends. The descending liquid, containing about 2 1 per cent, oxygen, loses its 
nitrogen easier than its oxygen and thus becomes colder. It therefore condenses 
the oxygen in the ascending gases and thus gets richer in oxygen as it descends. 
When the apparatus is working normally, therefore, the liquid in v is practically 
pure oxygen. When this is the case there will be a temperature gradient established 
in the column, the maximum cold being at the top. The liquid in v can overflow 
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continuously into a second evaporator v’ from which it evaporates through a pipe s 
with a f)urity of about 98 per cent,, the cold produced by the evaporation causing 
liquefaction of compressed air in the tubes f*, this liquid being also passed to the 
top of the rectifying column. The nitrogen, which, as already explained, must 
contain at least 7 per cent, oxygen, escapes at the top of the column, 

A Linde separator capable of producing large quantities of oxygen of about 
,99 per cent, purity is shown in Fig. 14. 


* Air at 2,000 lbs. square inch pressure passes by means of the pipe D through the three small 
tubes of the temperature exchanger and the spiral lube in the vaporiser to the expansion valve G. 
The air expands here and is discharged by means of the pipe at the top of the rectifying column. 
The expanded air then passes by means of the tubes and through the pipes c r e of the temperature 
exchanger in the reverse direction to the incoming com- 
pressed air. As soon as the temperature at the expan- 
sion valve falls to the liquefaction temperature, liquid air 
is produced which collects in the vaporiser B. As this 

accumulates it evaporates, due to the heat from the com- r |— i 

pressed air in the tube and the vapour ascends against * ' 

the downward How of liquid air from the pipe Recti- 
fication takes place until finally the liquid in B Is practi- 0 , 
cally pure oxygen. The excess of this oxygen is con- g 
linuously drawn off by means of the pipe through 
the tube < of the exchanger to the exit E. The nitrogen 
passes by means of F through the tubes <1 and r to the 
exit C. 

Jhe whole of the apparatus is cased in with 
wood, all spaces being filled with sheep’s wool 
to prevent penetration of heat from the sur- 
roundings. 

The nitrogen still contains 7 |)cr cent, 
oxygen, and therefore in this system at best 
only 74 per cent, of the available oxygen is 
obtained. 

A complete oxygen plant on the Linde 
system is shown diagrammatically in Fig. 15. 

The air enters the purifier B at a. Here it is decar- 
bonised by means of milk of Unie. The purified air 

compressed in the compressors D, and then cooled in 
water, passes through the pipe E to the dxiers F. Here 
drying is effected first by chloride of lime and finally by 
potash. The dried air is then cooled in G by means of i • j c 

the refrigerating machine H, and passed into the separ- i4-~t->nQe Separator, 

ating apparatus K. As the desiccation of the air is^ never /r«iu Thorpt's ** iHcthnary of Applied 

complete, it is necessary for continuous working to Chemistry," h kind permission of the 

duplicate the separator K. The oxygen escapes l>y means publishers, Messrs houpnans^ Co.) 
of the lube l. 



Of late Linde has desiccated the air by means of the auxiliary refrigerating 
machine. In this case the exchangers in which the moisture is deposited as rime 
are duplicated and changed over about every twenty-four hours. 

The various sires of oxygen machines working on the Eiinde system are given in the following 
table:— 



11. 

III. 

IV. 

V. 

VI. 

VlI.iVTII. IX. 

X. 

■ 

Output of oxygen, cubic metres per hour i 

2 

5 

10 

20 

so 

100 200 50a 

1,000 

Power used, H.P. j 6 

.0 

20 

35 

55 

100 

185 350 ; Soo 

I *500; 

Cooling water used, cubic metres per hour 1 0.25 

0-5 

I.O 

1.6 

2.4 

4.0 

7.0 13.0 1 29.0 

54-0 j 
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Production of Nitrogen by the Linde System— The nitrogen obtained 
from the foregoing apparatus contains at least 7 per cent, oxygen. In Order to 
produce pure nitrogen Linde has modified the method of rectification. In the 
earlier apparatus the" liquid produced in the worm d■^ (Fig. 14), instead of being 
-dischaiged at the top of the column, is discharged at a point halfway down. Thus 
in the top half of the column the gas consists of nitrogen containing some 7 per 



cent, oxygen. The liquid oxygen in the vaporiser is drawn by suction through a 
worm situated in this nitrogen. The cold produced by the evaporation of this 
oxygen causes part of the vapours ascending the reclining column to condense, 
thus, reducing the amount of oxygen, and producing practically pure nitrogen at 
the top. ' ; 

Although this method allows the waste oxygen to cany away some 40 per cent 
nitrogen, it is still used owing to its simplicity in smaller plants, 

A more economical method ^howm in Fig. 16. » 
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The apparatus consists of the exchanger c, the rectifying column a, and the vaporiser b. The 
whole appwatus is cased in with wood, and filled with sheep’s wool to prev^t. the entrance of 
external -heat. 

The teinperalure exchanger, which is in the form of a spiral, consists of three small pipes, e dj, 
encased in a large tube c. The bottom end of the external lube c is carried up to the top of the 
rectifying column. . 

The cooled and purified air at a pressure of about 2,000 lbs. per square inch is passed by means 
of the tube / through the exchanger, then through the coil / in the vaporiser, to the expansion 
valve H. The air here expands, and passes 
into the rectifying column. It flows out at 
the top of the rectifying column back through 
the temperature exchanger by means of the 
pipe C. On exit, part of this air is led back 
to the compressor, and is ^ain compressed. 

The usual pru^ressive cooling effect is thus 
produced, and eventually liquid air is pro- 
duced, and collects in the vaporiser b. Owing 
to the process of rectification in the column A 
the liquid in B will become nearly pure oxygen, 
and the nitrogen escaping at the top of the 
column, owing to the fact that it is traversing a 
dosed circuit, will tend to become purer and 
purer. The additional supply of air necessary 
fbr the continuous working of the apparatus is 
supplied by a subsidiary compressor working at 
60 11 ^ per square inch. This cooled and 
purified air passes through the exchanger 1^ 
means of the pipe d, is liquefied In the coil / 
situated in the vaporiser, and is dischaiged, by 
means of the pipe d^, into the lower part of the 
rectifying column. This falling liquid will 
become rectified by the ascending ga^s from 
the vaporiser to a purity of 7 per cent, 
oxygen, the descending liquid becoming nearly 
pure oxygen. The nitrogen containing 7 per 
cent, oxygen passes in part, as already de- 
scribed, lick to ihe^ compressor by means of 
the pipe C, is compressed, liquefied, and dis- 
charged at the top of the rectifying column. 

A reference to lily’s figures will show that 
this liquid, containing 7 per cent oxygen, will 
purify the ascending gases to 2 per cent, 
oxygen. These purified gases again traverse 
the high compression circuit, and so on. Thus 
pure nitrogen will evenluallj* pass from the exit of the lube c. The oxygen can be obtained 
from the tube c. 


Sizes- of the Linde nitrogen machines are as follows 


SiM of Machine. 


. 1 . 

III. 

IV. 

V. 

VI. 

VII. 

VIII. , 

IX. 

X. 

Output, cubic metres nilrc^en per hour 

6 

12 

30 

60 

120 

300 

600 

1,200 

3,000 

6,000 

Power used, H.P. . . - - 

9 

*5 

30 

52 

80 

■5° 

275 

500 

1,100 

2,000 

Cooling water used .... 

0.75 

0.9 

'•5 

2.6 

4 

7-5 

12 

20 

38 

75 


The amount of liquid used in the dosed circuit can be made as large as is 
desired, and in consequence the purity of the nitrogen can be raised from 99.8- 
99.9 per cent. An apparatus working on this system has the advantage over the 
apparatus desaibed previously in that it yields a gas of more constant purity. 
These plants take a comparatively large amount of power (about 0,5 K.W. per 
cubic metre of nitrogen), as the energy required for compressing the nitrogen is 
only pEu^ly utilised for the separation of the components. 

The largest nitrogen plant which is run on the Linde system is at Odda. This 
plant, Erected in 1908, is run by a 200 H.P. electric motor, and produces 3,000 
cub. ft. of nitrogen per hour. 
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New Linde Apparatus for the Production of 'Pure Oxygen 
* and Nitrogen— In the oxygen appar- 


\ 



Fig. 17.— New Linde Apparatus for 
Oxygen and Nitrogen. 


atus described above the nitrogen leaves 
the apparatus with at least 7 per cent, of 
oxygen, so that only about 74 per cent, 
of the total oxygen in the air can be 
extracted. In order to obtain a better 
yield in this respect another type of 
apparatus has been built which subjects - 
the air to a pre-rectification under a 
pressure of 4 atmospheres (see Fig. 17). 

This apparatus consbls of two columns-, one • 
above the other, the lower of which works at 
4 atmospheres’ pressure, the upper at atmospheric 
pressure. The compressed air entering at a is 
liquelied in the evaporator s, and is dischai^ed 
alMut haif.way up the lower column. The 
vapours rising from the evaporator s are purified 
to about 10 per cent, oxygen content by this 
falling liquid (the conditions of equilibrium 
between liquid and vapour under higher pressure 
being different from those at atmospheric pres- 
sure), and arc further purified by the liquid which 
is produced in the coil situated in the evaporator 
r, so that eventually nearly pure liquid nilrf^en 
is produced in the coil in^. About half of this 
liquid trickles back into the lower column, the 
other part being expanded through the valve / 
and discharged at the top of the low pressure 
column About half-way down this column the 
liquid in s, containing 50-60 per cent, oxygen, is 
discharged by means of a valve i. Thus in this 
column the final rectification takes place, the 
nitrogen escaping at /, the oxygen at 

Although theoretically it should l>c 
possible to produce simultaneously i>ure 
oxygen and pure nitrogen, only 85-90 
per cent, of the total oxygen is actually 
obtained by this means. This arrange- 
ment is capable of producing oxygen with 
an expenditure of energy ot 1.3 K.W.H. 
per cubic metre. 

TTiis two-column process has also 
been adapted to the production of pure 
nitrogen. The nitrogen with a purity 
of 99.6-99.8 per cent, requires an ex- 
penditure of energy of 0.4 K.W. per cubic 
metre. 

Claude's Apparatus for the 
Production of Pure Oxygen and 
Nitrogen. — In Claude’s apparatus a 
method is employed which is styled by 
the inventor as the method of the “ back-, 
ward return," by which means a separa- 
tion into a liquid rich in oxygen and one 
poor in oxygen is obtained. This method 
is illustrated in Fig. i8. The compressed 


air passes through the inner tube of the 
exchanger m to a vessel e. It then passes up the tubes of the vaporiser v, back 
through the outer tubes of the exchanger. The vaporised gas contains evaporating 
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liquid sir, the vapours of which also pass through an outer tube of the exchanger. 
The compressed air entering the lower end of the tubes in the liquefier becomes 
liquefied. Now a reference to Baly’s results will show that in order that evaporating 
■ liquid air should furnish a gas of 2 1 per cent, oxygen content it must itself be of 
an oxygen content of 47 per cent. Conversely, if atmospheric air of 21 percent. 


oxygen content is progressively liquefied, the first 
drops which are formed will be of 47 per cent, 
oxygen content. The liquid formed in the lower 
part of the tubes is therefore of 47 per cent, oxygen 
content. Thus the remaining air rich in nitrogen 
ascends the tubes,, and in ascending is further robbed 
of its oxygen, until finally at the top of the tubes 
tfie gas is practically pure nitrogen. The liquid 



Fig. 18.— Claude's Apparatus for Pure Oxygen 
and Nitrogen. 


Claude's "Liquid Air, Oxygen, and NitragenC translated 
by Csttrell. By kind fiernthshn ef tlu fadsliskers, Messrs 
J, ^ A, Churchill.) 


Fic. 19.— Claude's Complete 
Apparatus, combining the 
Process of Rectification 
with Backward Return. 

(From ClauNe'i Liauid Air, 
Oxygen, and Nitrogen,'' 
translated by Cottrell. By 
kind permission of Messrs 
1. ^ A. Churckill.) 



falling downward through the tubes at the same time gives up its nitrogen in 
exchange for the oxygen which is condensed in c. This liquid of 47 per cent, 
oxygen content is continuously discharged into the vaporiser v, the gases passing 
through the outer tube n of the exchanger. 

The complete arrangement of Claude’s apparatus, combining the process of 
rectification with the backward return, is shown in Fig. 19. The compressed air 
cooled in the exchangers enters at the bottom of the series of concentric tubes F 
immersed in liquid oxygen and is liquefied, yielding a liquid of 47 per cent, oxygen 
content, which collects in A, and practically pure gaseous nitrogen. This gaseous 
nitrogen, passing through the concentric tubular space f' is, owing to its pressure, 
liquefied in c. This liquid nitrogen is discharged at the top of the rectifying 
column, while the liquid from a is discharged from the middle of the column. This 
liquid of 47 per cent, oxygen content Wilt exhaust the ascending gases to 21 per 
cent, oxygen content. The rectification will be completed by the liquid nitrogen 
descending from the top of the column. Pure nitrogen will therefore pass from 
Tj and pure oxygen from t. The additional liquid air necessary to compensate for 
the continued loss of cold is added from a separate liquid air machine. . 

VOL. I.— 7 
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In later machines Claude has succeeded in performing the separation of the 
gases ancfthe production of the additional liquid necessary in a “single cycle." 

The cooled compressed air-passes through the temperature exchangers K and (Fig. 30) . 
traversed by the cold separated gases, and divides .into two portions at the point x.^ One portion ^ 
expands in the motor O with production of external work, is liquehed and serrated into lmuid,r!cli 
in oxygen and nitrc^n in the vessels A and A* respectively, as expkdhed above, these liquids being 
supplied to the recti^ing column, as shown at difTerent heights. Cold nitrogen, passing off through, 
the pipe G, traverses the temperature exchanger L and liquches the second portion of the compres^ 
air, thus forming the supplementary liquid which is admitted to the vessel A to make up for 
mechauical imperfections. The nitrogen then passes through the exchanger E. The oxygen from 
the vessel B is passed through the exchanger Eh 

Pure Nitrogen by the Claude Process.— Although in principle the 
process of the backward return achieves the complete separation of thg air irito 



Fig. 20. — Claude's " Single-Cycle’’ Apparatus 
for producing Pure Oxygen and Nitix^en. 


Fig. 21.— Drying Battery for 
Hildebrandt’s Process. 


pure oxygen and nitrogen, yet in practice, especially if it is desired to produce pure 
oxygen also, the nitrogen is only about 3 per cent. pure. , _ 

- Claude has got over this difficulty by arranging that the liquefaction of the 
residual nitrt^en at the top of the tubes of the, liquefier v (Fig. 18), is faciliuted 
by a supplementary liqueher supplied with liquid from the bottom of the rectifying 
column. In this way nitrogen containing not more than 0.2 per cent, of oxygen 
can be obtained. . • - 

In the installations working on the Claude principle the desiccation of the ait 
is obtained by passage through soda towers, or through baffle boxes filled with 
hydrated lime, and finally by chloride of lime. Claude has recently succeeded in 
producing desiccation by cdd obtained by expansion with external work in which 
the special exchangers are charged over every twenty-four hours as in the Linde 
system. 

i. Jfte present installations are based upon the “backward return "and double 
l^^flcatipn, and ate worked on the “single cycle" system. Recently the 
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ap^ratus has been made more compact by combining the whole apparatus in a 
sin|;le column. 

■' The most usual sizes in Claude’s system are from 5-20 cub. m. per hour 
capacity, which at present are at work in-soroe forty installations. 

• 

Hildebraadfs Process for Preparing Oxygen and Nitrogen.— This 
system is also coming rapidly into use, and, like Linde’s process, depehds on 
intensive cooling. 

The air bef^e entering the apparatus is freed from carbon dioxide (COg) and water vapoui; by 
passing over caustic soda or caustic potash (preferably the last), and then over calcium chloride in 



the drying battery shown in Fig. 21. Next the air is compressed to 200 atmospheres, cooled, and 
then wnt into the upper end of the apparatus (Fig. 22), where it is cooled by intensive self-cooling 
until ihe idr liquefies. * 

Then by evaporation and fractional boiling it is separated into its components, oxygen and 
nidtigen. The nitrc^en usually escapes as a %-prodact into the air, while the oxygen, of 98 per 
cent, purity, is conduct^ into a gas holder, and there by means of the oxygen compressor compressed 
into steel bottles or cylinders. 

Further ^eUils should be sought in Hildebrandt’s patents (see list, p. 83). 
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THE LIQUEFACTION OF HYDROGEN 

The principle of self intensive cooling has now been applied to the production 
of liquid hydrogen, and Fig. aj shows diagrammatically such an apparatus manu- 



Fig. 23.— Hampson’s Apparatus for Liquid Hydrogtn, showing attachment of Glass 
Vacuum Jacketed CoHecting Vessel (British Oxygen Co.). 

factured by the British Oxygen Co. Hydrogen from a gas holder is compressed 
to about 200 atmospheres, and after purification over caustic potash enters the 
lower end of the coils in the chamber a. It then passes down through the coils 
B ,which are immersed in liquid air. The compressed hydrogen, thus cooled to 
about - 190" C., passes through the coils c. Liquid air is allowed to drop into the 
chamber round these coils through a small valve regulated by a spindle at the top 
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of the apparatus. A partial vacuum is iViaintained in this chamber by means of 
a small pump connected to the pipe o, so that the temperature of the evaporating 
liquid air is lowered to below - 200° C., and the compressed hydrogen is thus farther 
lowered in temperature. * The compressed hydrogen then flows through the coil e, 
and expands through the valve f. The expanded gas then passes back over the 
coils E, round the chambers enclosing c and B, over the coils A, and back to the 
holder. After only a few minutes working part of the expanding hydrogen is 
liquefied, and can be collected in the vacuum vessel k, which can be removed at 



Fig. 24, — Linde-Frank-Caro Process for producing 
Hydrogen from Water-Gas. 


will, This apparatus is capable of producing about 2 litres of liquid hydrogen per 
hour with an expenditure of to litres of liquid air. 

The Linde-Frank-Caro Process for the Production of Hydrogen 
from Water-Gas (see also p. 113, under Hydrogen). — In the separation of 
gaseous mixtures, in which the boiling points of the constituents are very different, 
the liqurfaction of the whole mixture is not necessary. The separation can be 
effected by condensing the less volatile constituent by suitable temperature and 
pressure, while the more volatile constituent remains in the gaseous state. A 
process on these lines has been applied to the separation of hydrogen from water- 
gas. The loW temperature required is obtained by the aid of liquid nitre^en 
supplied from a separate apparatus, The construction of the separator is shown 
diagrammatically in Fig. 24. 
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The water-gas from the , producer is "first washed by water. The average eom-- 
^ition of water-gas is by yt^iime;:— - . 


LiqukI, . Per CeBL. 

HydR^en - - - i, -a 53 *C. 4 *-» 

Carbon monoiide -. -, 44-44 

Caibon dioxide ' - - 8o*C. 5-2- 

Nitrogen - '- - - -196°C. S '3 ' 


The watergas is then compressed, cooled, and treated with Water under 
pressure, which removes practically all the carbonic aci4' 4i^-reniiaiQder beit^ ' 
absorbed by caustic soda. This dried compressed water-gas then pa^es throu^ 
the temperature exchanger of the separator to the coil B (Fig. 24) immersed in a 
bath K containing liquid carbon monoxide. 

I In this coil the carbon monoxide is almost entirely condensed, and collects in 
the bottom of the liquefier a, whence it can be discharged by means of the cock 
R into K. The remaining gas passes through the liquefier a, surrounded by liquid 
nitrogen evaporating under vacuum. In this way more carbon monoxide is 
condensed, and the gas issuing at the top is composed of about 97 per Cent, 
hydrogen. The remaining carbon monoxide can be removed by passage over soda 
lime. * 


After purifiq^tion the gas contaiiis : — 

CO, - - • - - o per cent. 

Heavy hydrocarbons • - - . o ,, 

Oxygen - - - - - 0 „ 

CO ■ ■ • 0 „ 

Hydrogen . . : . 99.2-99.4 „ 

Marsh-gas .... 0 „ 

Nitrogen .... 0.8.0.6 „ 

with a specific gravity of .077 to .079. 

The waste carbon monoxide gas can he used to generate power. In plants from too cuK m. 
pet hoar upwards the waste car bon -monoxide is sufficient to drive the whole plant, 



Inventors b large numbers have applied themselves to the problem of the production of gases 
from mixtures by means of liquefaction, but the processes already described are still the only <mea 
established on a large commercial basis. For details of other methods a pmsal of the TErioai 
patents (above) b recommended. Among others, which may contain the basis of a commerdatly 
sonnd process, may be itaentioned those of Hampson, Thmpp, Pictet, Hildebnndt, and Levy., A 
patent Levy and Hellbronner in 1902 applies the process of liitviaibn liquid rich in nitrogen 
by somewhat dififerent means to the foregoing. process consists of carrying out the fractional 
distillation under pressure in order to produce reliquefaction of the vapours, and thus obtaining 
rectification by warning with mcreasingly cold liquid. 

Hiidebrandt has produced a large number of . mtents, chiefly dealing with improvements of 








Table of Physical Constants of Liquefied Gases (Dickerson). 
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^ ' •PROPERTIES- OF INDUSTRIAL GA.SE3 
Tbe following tiAle gives the properties of-the chief l%uefied gases : 
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SECTION X 

INDUSTRIAL OXYGEN 

By Geoffrey Martin, D.Sc., Ph.D. 


Manufacture. — The main method is from liquid air in the manner described 
in the preceding article by Lieut. Dickson. 

The following processes may be mentioned in addition to the method already described : — 

1. The Brinn Process. —By means of barium peroxide. No longer worked. 

2. The jaubert Process. — Potassium permanganate is mixed with sodium peroxide. When 
water is added oxygen gas is spontaneously evolved. Somewhat cheaper is the process (patented 
in 1902) of mixing together and compressing into tablets sodium peroxide and bleaching powder 
(too parts of bleaching powder with available 0=33-35 pcr.cent., to 39 parts of NajOj). On 
bringing this into contact with water, oxygen is evolved according to the equation 

CaOClj + Na^Oa = CaO + sNaCl + 2O. 

Convenient for use on a small scale. Sold under name “Oxygen Cubes.” 

3. Electrolytic Oxygen. — This is obtained as a by-product in the manufacture by electrolysis 
of caustic soda, etc. (see p. 114, also p. 370), hydrogen being also obtained at the same time. 

It can, however, only be produced economically at places where electrical power is very cheap. 

Properties of Oxygen. —The main physical pioperties*of oxygen are set 
forth in the table on page 103. 

Its main characteristic is the intensity with which it supports combustion. _ 

Uses of Industrial Ox^en.— The main use of industrial oxygen is the 
autogenous welding and cutting of metals. 

To give some examples—the ease and rapidity with which the most extensive 
and massive iron structures can be cut through in almost any position by a few 
workmen in a few minutes, work which in the ordinary way can only be effected 
by many workmen in a great many days. Its use for demolishing iron structures, 
etc., has been demonstrated in innumerable cases. The cutting out of a manhole 
in a boiler of average size will employ two workmen seven to eight hours. By 
means of oxygen the work can be done in about eight minutes. 

Industrial oxygen is at present principally einployetl : — 

1. In the Motor Car Industry.— For welding together aulogenously metals like cast iron, steel, 
magnalium, aluminium, and for effecting rapid repairs of broken parts. 

2. For Illuminating Purposes, a jet of oxygen beii^ impinged on lime, etc. 

3. In Mining and Tunnelling and Iron Smelting, stoppages in blast ovens are often 
melted through. 

4. In the Tinning and Enamelling Industry, for melting and welding different metals. 

5. In the Manufacture of Varnishes, etc., manufacture of SO3, etc. 

6. The Gas Industry.— Enriching the air with oxygen allows the smokeless burning of 
certain fuels in furnaces, also the burning of wet peat, wo^ waste, etc., in the production of com- 
bustible or producer-gas, water-gas, etc. 

7. The Glass and Ceramic Industry use oxygen for cutting through glass plates, cylinders, 

etc., also for increasing the temperature of certain small furnaces. ... 

8. Medici^ use of Oxygen.— For saving life for “gassed" workmen, and for adminis- 
trating to those suffering from lung complaints, 

9. In Lead Work, for making leaden vessels, sulphuric acid chambers, etc. 
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' •fenamerable Other uses are growing up ., fot^oxygeBtlga^ but ttie ;abOv,e suflBas 
0 inve^the reader art idea of the enqrmQi&.extent to which oxygert is now being 
irt^oyed m industry. ’ 7 }^ '■• • • ' - 

’a'..' •‘■•-i.. t -w^.V . p'. .. ’. ■' • •• ^. i..,. ..j, 

' Statist ic *. — Germany in 1^5 used only aboqt lA. of oxygeiS. 

Tlie follovring table shows th€amottotofo)i]^ supplM.from Linde plants in s— 


' • '• ' ' ' 

CttU Matns. 



Cub.' M«tr«s. 

Germany - ' ♦ 

; 6,000,000 

^Sweden 


80,000 

80,000 

England - 

: . 2,230,000 

Roumania 


France . - 

. 1,550,000 

Rnssia. 


80,000', 

Italy ' 

680,000 

America 


- 2,676,000 

Aastra-Hnogary 

■ • 660,000 

India 

- 

144,000 

Spain - 

220,006 
180,000 
no 000 

. China 


to, 000 

Switzerland • 
Denmark 

Australia 


220,000 
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SECTION XI 

INDUSTRIAL NITROGEN 

By Geoffrey Martin, Ph.D., D.Sc. 


Manufacture. — Nitrogen is now manufactured almost exclusively from atmos- 
pheric air by the liquefaction process, as described in Section IX. on the Lique- 
faction of Gases. 

In some Continental works the nitrogen is produced by passing air over hot 


Carbide Retort 



copper, which retains the oxygen as copper oxide, and allows the nitrogen to pass 
on, as explained above. The copper is regenerated by passing water-gas over the 
treated copper ; — 

Cu -f 0 = CuO; aCuO -F CO -I- Hj = Cn + COj + HjO. 

Fig. I represents a diagrammatic sketch of the apoaratus employed for making nitrogen for 
the manu&cture of calcium cyanamide. Air is forced .through the iron lubes AA, which are filled 
with granulated copper. The oxygen is absorbed and the nitrogen passes on, Ip be absorbed, 
say, in the odcinm carbide in the retort b. 

■ Crude nitrogen, contained in the waste gases from furnaces, is also used for 
making aluminium nitride (see p. 473). 

^Operties.— Pure nitrogen is a colourless, tasteless, and inodorous gas. It 
does not support combustion, it is jnon-infiammable, and does not turn lime-water 
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milky (distinction from carbon dioxide). It combines directly with substances 
such as calcium, barium, magnesium, titanium, silicon, etc., forming compounds 
known as “nitrides.” Chemically pure nitrogen possesses the following pro- 
perties: — Critical temperature, -,146° C. ; critical pressure, 35 atmospheres; 
boiling point at atmospheric pressure, -t94.4“ C. ; freezing point, -214° C. ; 
density of gas, 14.01 (H= r), or 0.96717 (air= 1) ; specific gravity of liquid nitrogen 
at its B.P. is 0.8042 ; solid nitrogen has a specific gravity of .0265. The weight of 
a litre is 1.25107 g. (Rayleigh). Atmospheric nitrogen contains argon, and so its 
density is somewhat greater than that of chemically pure nitrogen, the density of 
“atmospheric” nitrogen being 0.97209, and one litre at 760 mm. weighs 1.25718 g. 
(Rayleigh). 

Uses. — Nitrogen is now being manufactured on an enormous scale for the production of 
Synthetic Ammonia (see p. 469}, calcium cyanamide (nitrolim) (see p. 475). It is also used for 
making aluminium nitride, and other nitrides (see Serpek process, p. 473. 

When nilrc^cn gas (or ammonia or even nitrogen-containing substances) is brought into contact 
with white-hot iron, some nitrogen is absorbed by the surface, and an extremely hard surface is thus 
produced (case-hardening). 

The nitrogen gas industry is as yet in its infancy, but is rapidly developing. 
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SECTION XII 

INDUSTRIAL HYDROGEN 


By H. Stanley Redcrove, B.Sc. (Lond.), F.C.k 
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PROPERTIES 

Hybrogen is a colourless, odourless, and tasteless gas. It is the lightest element 
known, its atomic weight (0= i6) being 1.0008, and its density, compared with air 
as unity, being 0.06949. It ha,s been liquefied by Dewar and others, and boils 
at •- 252.5” C. Liquid hydrogen is a clear, colourless fluid, part of which may 
be solidified by rapid evaporation of the rest. Solid hydrogen is also colourless, 
and has a melting point of -257” C, according to Dewar, or -258.9° C., 
according to Travers. 

Hydrogen is a very widespread element, since it forms about one-ninth part 
by weight of water. It occurs free in nature in the gas of certain volcanoes, and 
in combination with other elements in petroleum and most organic bodies, as 
well as in water. 

Hydrogen combines vigorously with oxygen to form water, according to the 
equation : — 

2 Hj + Oa = 2H2O. 

Mixtures of hydrogen and oxygen combine with explosion when ignited. Hydrogen 
bums readily in the air, with an almost colourless Bame (faintly green, tinged with 
violet-blue). The colour may be altered by changing the pressure. The heat 
evolved in the combustion of hydrogen is very great. At constant pressure and 
temperature ( C., the heat liberated per gram-molecule of water produced is 
57.9-1-0.00165/ cals., when the water is in the gaseous state, or 68.5 - 0.0077/ 
when, the water being liquefied, its latent heat is also obtained.^ • 

Hydrogen will not support the combustion of bodies which we usually regard 


* Julius Thomsen, “ Theimo-Chemisiry,” translated by K. A. Burke, B.Sc., 1908, p. 193. 
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as c($Bil)V(Stible, hpf Srill it j'^])6rt Kfei* it is not, however, poisonous, iuwj certain 
bodes, for instance oxygen and chlorine, will burn in it. 

It i^ very slightly sdluMe in alcohol, and still less soluble in water. 

Certain metals, palladium in particular, have the remarkable property of 
absorbing large quantities of hydr^en at high temperatures and pressures, with 
v^ery little alteration in their physical properties and appearance. Such “ occluded ” 
hydrogen, as it is called, exhibits increased chemical activity. The hydrogen is 
evolved when the metal containing it is placed under reduced pressure. Palladium 
will absorb over 900 times its volume of hydrogen when heated in an atmosphere 
of the gas, whilst black platinum will ateorb about too volumes under similar 
conditions. 

Recent experiments have shown that certain bodies (for example, unsaturated 
fats) will readily enter into combination with hydrogen if palladium, black platinum, 
or especially nickel, or an oxide of nickel, is present. This phenomenon is, no 
doubt, closely connected with that of occlusion, but its exact nature, whether the 
hydrogen chemically combines with the metal to form a definite compound) or 
merely “alloys” with it in the manner that two metals may be alloyed, is still a 
matter of debate. In its combinations hydrogen certainly appears to be capable 
of acting both as a metal and as a non metal. 


MANUFACTURE 

Water is by far the, cheapest raw material for the manufacture of hydrogen. 
Next in point of cheapness come hydrocarbons. There are a few processes making 
use of other sources of hydrogen, but they are in all cases much more expensive, and 
are either being superseded, or have only a limited application for special purposes. 
The various processes may be roughly classified as follows; — 

1. By the Action of Water on Metals. 

2. By the Action of Water on Non-Metals. 

3. By the Deoxidising Action of Carbon Monoxide. 

' 4. By the Electrolysis of Dilute Sulphuric Acid, Alkali, or certain Salt 
Solutions. 

5. From Hydrocarbons. 

6. By the Action of Acids on Metals. 

7. By the Action of Alkalis on Metals. 

8. Special Methods. 

These will now be considered in detail 

I. By the Action of Water on Metals. 

Tlie alkali metals [i.g., sodiuib) and the metab of the alkaline earths calcium) decompose 
ater at ordinary temperatures, the first violently and the second readily, as under 

2 Na + 2 HsO = zNaOH + Hg, 

* Ca + aHgO - Ca(OH)g + Hj. 

Certain metab which, in a pure condition, trill attack water only at high temperatures, will 
react at lower temperatures if alloyed with some other metal, e,g., zinc, if first coaled with a thin 
layer of copper, will readily decompose warm water (Zn + 2HgO=^(OIl)g4‘H2). 

Thesf processes are only applicable for the preparation of pure twdrogen in the iabonitory. A 
somewhat Similar process has, however, been patented by IJjeilO (Englbh Patent, 1 1,838, 19:2 ; 
United Slates Patent, 1,118,595, 1914), in which an alloy of aluminium with small proportions of 
zinc and tin, together with a trace of mercury, is used to decompose hot water. The method seems 
welt adapted to the preparation of hydrogen for aeronautical purposes; but such an alloy would be 
too expensive for manufacturing hydrogen for industrial use, and iron is practically the only metal 
used industriaDy. for the decomposttion of Water. , ' 

. Wim Steam is passed over hot iron, in a suitable furnace, hydrogen is produced 

^^rdame with jtoe equation — 

v3Fe +,41180 = FejOj^J- 4 Hj. 
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The iroti can be revivified by reducing the oxide formed by means of gas con- 
taining carbon monoxide (for example, producer-gas, ^.».), thus : 

FcgOj + 4CO ~ 

This is Lane’s process. - 

The two reactions are carried out alternatively so long as they are found to 
take place with sufficient speed, ten minutes being allowed for the first (“gassing” 
or oxidation period), and about twice as long for the second (reduction period). 
A'temperature of from about goo'-ijcoo" C. is used for both. .In order to make 
the process practically continuous, two or more furnaces may be run alternatively 
(see Lane’s Patents, English Patents, 10,356, 1903; 17,591, 1909; 11,878, 
1910, etc.). 

The process has been found very efficient -when a suitable type of iron is 
employed, though there are a good many technical difficulties connected with it, 
which a number of patents taken out during the last few years claim to have 
obviated. Spongy iron appears to be far more reactive than the compact form, 
which is apt to become only superficially oxidised (Badische Anilin und Soda 
Fabrik, English Patent, 27,735, '9'2; French Patent, 453,077, 1913; Anton 
Messerschmitt, United States Patent, 971,206, 1908). However, compact iron 
will decompose steam, and H. Dicke (German Patent, 280,964, 1913) proposes 
that the scrap-iron that accumulates in iron and steel works be utilised for this 
purpose. Messerschmitt (English Patent, 18,028, 1913; French Patent, 461,480, 
1913 ;_United States Patent, 1,109,448, 1914) states that good yields of hydrogen 
can be obtained at about 7oo”-8oo° C. by using a mixture of iron and manganese 
produced by the reduction of ores containing both these metals; whilst W. Naher 
and M. Nbding (German Patent, 279,726, 1913) pass the steam first over copper 
and then over iron. 

Messerschmitt is responsible for a large number of improvements in 
apparatus, etc., for the manufacture of hydrc^en by the deoxidation of steam by 
means ofaron, for which see German Patents, 263,391, 268,062, 268,339, 1912; 
French Patents, 444.105. 444.io6, 1912; 461.623, 461,624, 461,625, 462,379, 
1913; English Patents, 12,117, 12,242, 12,243, igta; 17,690, 17,691, 17,692, 18,942, 
1913; United States Patent, 1,109,447, 1914. For improvements in apparatus the 
following patents should also be consulted — Badische Anilin und Soda Fabrik, 
English Patent, 2,096, 1913; and Berlin Anhaltische Maschinenbau A.-G., 
English Patents, 28,390, 1913; 6,135, > 9 i 4 ; French Patent, 465,474, 19x3; United 
States Patents, 1,118,595, 1914; 1,129,559, 1915. Purification of the reducing gas 
employed is essential in order that the efficiency of the iron shall be preserved. 
With due precautions the hydrogen obtained is in an almost chemically pure 
condition, containing only traces of nitrogen. According to Berg^ius ("Produc- 
tion of Hydrogen from Water and Coal from Cellulose at High Temperatures and 
Pressures,” l%e Journal of the Society of Chemical Industry, Vol. XXXII., 1913, 
p. 462; German Patent, 254,593, 1911; French Paterlt, 447,080, 1912; English 
Patents, 19,002, 19,003, 1912; United States Patents, 1,059,817, 1,059,818, 1913), 
water is more reactive in the liquid state than in the gaseous state. Consequently 
he carries out the reaction between water and iron at a sufficiently high pressure 
to prevent the vajxirisation of the rvater. The resulting hydrogen is particularly pure, 
owing to the fact that under the conditions of the method the water does not 
attack the impurities in the iron. One specimen of hydrogen obtained by this 
method gave the following results on analysis ; — 

Hydrogen 99-95 P« «nt. 

Carbon monoxide ■ - - - 0.001 „ 

Saturated hydrocarbons - ■ ■ • 0.042 ,, 

Unsaturated hydrocarbons - 0.008 ,, 

The speed of the teaction rapidly increases with a rise in the temperature, and 
it is fadlitated by the presence of a trace of an electrolyte, such as ferrous chloride, 
and of a metal more electro-positive than iron, as shown by the following table.:— 
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Temperature, 
0" C. 

Volume of Hydrogen 
Evolved per Hour. 

Iron and pure water - 

300 

C.CS. 

, 230 . 

,, H-FeClg • 

300 

• 1.390 

„ -kFeCb-kCu - 

300 

1,930 

,, TFeClg + Cu 

340 

3 , 45 ° 


The iron oxide (FejOi) is obtained in the form of a finely divided powder, which 
can be readily reduced by means of carbon or carbon monoxide. Another advantage 
of the method lies in the fact that the hydrogen is obtained under sufficiently high 
pressure for filling into cylinders without further compression. The process is 
worked at a factory in Hanover, and it is claimed that the method is so rapid that 
a generating vessel of lo gallons will produce about 3,000 cub. ft. of hydrogen per 
day at a cost of about Jd. per cubic metre. 

2. By the Action of Water on Non-Metals.— Certain of the non-metals 
can he made to react with water so as to yield an oxide and free hydrogen. The 
oply one of industrial importance is carbon. When steam acts on heated coke' 
the following reactions take place ; — 

C + HjO = CO -f Hj, 

C + M.fi = CO.J -I- 2H2. 

The mixture of carbon monoxide and hydrogen obtained in the first case is 
known as “Water-Gas” (see the present writer’s article on “Producer-Gas” in 
this volume). Efforts have been made to cause the second of these reactions 
to take place exclusively. O. Dieflfenbach and W. Moldenhauer (English 
Patent, 8,734, igio) claim that this may be accomiilished by impregnating the 
coke with to per cent, of potassium carbonate, and mixing it with five times 
its weight of lime, which absorbs the carbon dioxide produced. A temperature 
of 55o”-75o* C. is employed. F. Bergpus (German Patent, 239,030, 1911) uses 
a sufficiently high pressure to prevent the vaporisation of the watdr (see above). In 
these circumstances he states that the formation of carbon monoxide may be 
prevented by the use of certain catalytic agents, of which he prefers thallium 
chloride (i per cent, of the weight of the coke). He uses a temperature of 340° C., 
and the carbon dioxide produced is absorbed by lime. 

The manufacture of hydrogen from water^as is now one of considerable 
importance, and several methods have been proposed for the separation of the 
carbon monoxide from the hydrogen. 


Thus A. Frank (French Patent, 371,814, 1906; English Patent, 26,808, 1906) suggested the 
use of cuprous chloride solution, which absorbs most of the carbon monoxide. The dried gas is 
then passed over calcium carbide at a temperature exceeding 300° C., when the following reactions 
take place : — 

CaC + CO = CaO -I- 3 C, 
aCaCj -I- CO = 2CaO -k 5C. 


The carbon dioxide and nitrogen present are also alisorbed, with the production of calcium 
carbonate and calcium cyanamide respectively. The process, however, proved too expensive to 
work for industrial purposes, which led to further investigation, resulting in the Linde-Frank-Caro 
process, dealt with below. a 

Physical methods have also been proposed for the separation of water-gas into its constituents. 
Centrifugation (see English Patent, 12,194, E. N. Mazza) has not proved satisfactory 
(see also English Patent, 17,946, 1905 ; C. Claiaond). Diffusion has also been proposed, jouvter 
and Gautier (French Patent, 372,045, 1906) claiming that a single passage through a partition of 
unglazed porcelain reduces the amount of carbon monoxide by nearly 82 per cent. 


In consequence of the great difference between the boiling point of hydrogen 
(-.252.51^° C.) and the boiling points of carbon monoxide (-190° C.) and 
nitrqgep (- 195.5’ C), liquefaction has proved to be by far the most important 
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method mdustrially for the separation of hydrogen from the carhon monoxide of 
water-gas, and the nitrogen usually present as an impurity. Linde’s work, cited 
above, should be specially consulted. The main principle in Linde’S method 
for the liquefaction of gases is that of expansion without external work at low 
temperatures and high pressures, in which circumstances the Thomson-Joule 
effect becomes sufficient to produce a large lowering in the temperature. This 
method is combined with the use of counter-current interchangers. In the 
Linde -Frank -Caro process r for the separation of water-gas, worked by the 
, Ges. ftir Lindes Eistnaschinen, water-gas, having approximately the composition 
Hj 48-54 per cent.', CO 42-44 per cent., CO.^ 2-5 per cent., Nj 3-5 per cent., 
•with traces of other impurities, is first freed from its carbon dioxide by means of 
water under pressure, a final purification being effected by means of alkalis. It is 
then dried and passed into a special cooling apparatus. Most of the carbon 
monoxide is liquefied by passing the gas through a coil in a vessel containing 
liquid carbon monoxide already produced by the process. The liquid carbon 
monoxide thus formed is expanded and poured into this vessel. The hydrogen 
passes on, and a furthef separation of carbon monoxide and nitrogen is effected 
by cooling the gas in boiling nitrogen. The separated hydrogen and carbon 
monoxide gases issuing from the apparatus pass through a counter-current inter- 
changer, and thus facilitate the cooling of the water-gas which enters the apparatus 
through the interchanger. 

The hydrogen thus obtained is 97-97.5 per cent, pure, the impurities being 
carbon monoxide t.7-2 per cent., nitrogen t-i.8 per cent. Other impurities 
are practically nil. The cost of production is i|d. per cubic metre. The gas may 
be further purified, at an additional cost of |d. per cubic metre, by means of soda 
lime, which removes the whole of the remaining carbon monoxide, giving a product 
.containing 99.2 99.4 per cent, hydrogen, the remainder being nitrogen. The 
gas is claimed to be free from such impurities as would interfere with its use in 
aeronautics or in the synthesis of ammonia. Further, it is obtained under pressure, 
which is important for the latter process. The carbon monoxide obtained may be 
used as a fuel. 

In Claude’s process for the separation of the constituents of water-gas by means 
of refrigeration (French Patents, 329,839, 1903; 469,854, 1913; English Patent, 
13,160, 1914) the main point is that cooling is effected by expansion of the 
hydrogen with external work in a motor lubricated with light petroleum. 

See also Jaubert*s auto-combustion process under “ Special Methods ” below. 

3. By the Deoxidising Action of Carbon Monoxide. -^Other processes 
for the manufacture of hydrogen from water-gas utilise the deoxidising action of 
, carbon monoxide, in virtue of which the latter gas can be absorbed by suitable 
bodies and replaced by an equal volume of hydrogen. Thus the Chemische 
Fabrik Greisheim-Elektron have patented a process (English Patents, 2,523, 
1909, and 13,049, 1912) in which hydrogen is produced by means of the following 
reaction : — 

CatOHk + CO = CaCO., + H.. 

The water-gas, together with steam, is passed over lime at a temperature of 
about 500° C., which is below that of the dissociation of calcium carbonate. At 
the process is exothermic, extraneous heating is not required once it is started. 
5 per cent, of powdered iron is added as a catalyst. Calcium oxide -is regenerated 
from the carbonate produced. The cost of the hydrogen, containing as an impurity 
the nitrogen present in the water-gas, is staled to be about id. per cubic metre. It 
is probable that the reaction takes place in two stages, calcium formate being first 
produced (see below). La Soc. I’Air Liquide makes use of the same reaction 
in connection with Claude's liquefaction process (French Patent, 453,187, 1912 ; 


* See Section IX. by Lieut. Dickson on “ The Liquefaction of Gases,” p. loi. 
OL. I. — 8 
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Ettglish Patent, 7 , 147 . '9i3; United States Patent, i,i3S.3SS. 'QiS)- (See ako 

H. Strache, German Patent, 253 , 705 , 1910 .) u i, 

A number of patents based on the reaction CO + H20 = COj + Hj have been 


taken out in recent years ; — 

The Badische Anilin und Soda Fabrik (English Patents, 26,770, 27,117, 
27,955, 19121 S.S64. 1913: 16,494. 19*4; French Patent, 459,918, 1913) employ 
as catalysts finely divided iron (prepar^ below 650° C.), nickel, or similar bodies. 
The gases are kept under a pressure of 4 to 40 atmospheres, and the temperature, 
which is a factor of importance, is maintained at about 4oo“-5oo° C.' -The 
requisite heat may be obtained by the admission of oxygen. The carbon dioxide 
is removed by absorption. In German Patent, 279.5^2, 1913. they state that the 
addition of Qxygen compounds of chromium, thorium, uranium, beryllium, antimony, 
etc., to the iron increases its reactivity as a catalyst fsee also German Patent, 
282,849, 1913). Buchanan and Maxted^English Patent, 6,477, 19*4) suggest 
the use as a catalyst of iron-copper couple made by the reduction of copper nitrate 
by means of reduced ]ron (see also English Patent, 6,476, 1J14). 


In this connection the formation of hydrt^ert as a by-product in the manufacture of oxalates 
may he mentioned. Oxalates ate now largely manufactured from formates, the latter being 
obtained by the action of carbon monoxide (pr^ucer^as) on alkalis under pressure, thus : 

KOH -k CO = H.COOK 

Pot. formate. 

COOK 

2 H.COOK =1 + Hj 

COOK 

oxalate. 


See United States Patent. 1,098,139, I 9 ' 4 ; ‘f- Badische fkiito und Fabrik, English 
Patent, i, 759 » 1912 ) A fall description of manafacture is given m Martm s “Inauslnal Chemistry : 
Organic,” pp. 369-370. 


4. By Electrolysis. — When an electric current is passed through water 
containing a small quantity of sulphuric acid or an alkali, the water is decom- 
posed into its elements, the oxygen being liberated at the anode or positive pole, 
and the,- hydrogen escaping at the kathode or negative pole. The process is some 
times called “ the electrolysis of water,” but the expression is a misnomer, since 
the acid or alkali plays an essential part in the reaction, pure water being practi- 
cally a non-electrolyte and a non-conductor of electricity. The changes involved 
may be shown thus : — + + " 

With su phuric acid - • - HjS04 = H -I- H SO4. 

1 -I- + 

At the kathode * 11 H = Hg. 


At the anode 
With caoslic potash 
At the kathode 


2SO4 + zHgO = 2H2SO4 4- Ojj. 

-F 

KOH = K + OH. 

- 2K + 211,0 = 2KOH -f II,. 


At the anode 
With barium hydroxide 
At the kathode 


2 OH + 2 OH = 211,0 + Oo. 

Ba(OH), = Ba -f OH -k 0 *H. 
■ 4 + 

Ba + 2H2O = Ba(OH), + H,. 


At the anode • 2OH -f 2OH — 2H2O -t- O,. ^ 

By using a platinum plate as kathode, and a platinum wire immersed in an amalgam of one 
and mercury (to at^rb the oxygen) as anode, very pure hydrc«en may be obtained in the laboratory, 
especially if thoroughly purified barium hydroxide is used (Baker, Journal of the Chemical Soesety, 
Vol. LXXXI., 1902, p. 400). i;. 

♦Under manufacturing ..txjnditions, hydrogen produced by the electrolysis of 
dilute sulphuric acid and alkalis usually conUins oxygen (1-2 per cent.), an impurity 
liable to produce dangerous explosions in certain of the industrial applications of 
hydrogen lj.g., the synthesis of ammonia). To obviate this, diaphragms are intro- 
duced between the dectrodes, though this inmeases the electrical resistance of the 
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cells. If metallic diaphragms are employed' they are pierced to allow the passage 
of the ions. Alternatively, asbestos diaphragms may be used. In the Garuti and 
Pompili apparatus, used largely in Italy (English Patents, 23,663, 1896; 12,950, 
1900; 2,820, 1902; 27,249, 1903), the diaphragms consist of tto iron sheets, 
the perforations in which are covered both sides with' a metallic net. More 
recent types of apparatus will be found described in French Patents, 397,319, 
1908; 459 > 967 i >912; 46 i> 98 t> 472 , 394 . 463 . 5 ° 7 . i 9 > 3 ; United States Patents, 
981,102, 1,003,456, 1,004,249, 1911; 1,035,060, 1912; 1,086,804, 1,087,937, 
i;o 94,728, 1914, etc. 

On electrolysing potassium chloride solution, caustic potash, chlorine, and 
hydrogen are obtained. Thus ; — 

KCl = K + ci. 

+ 

At the kathode - 2K + 2H„0 - 2KOH + 

At the anode - •• • Cl + Q = CI2. 

Similar reactions take place in the case of sodium chloride. Consequently enormous 
amounts of hydrogen are liberated in the manufacture of caustic alkalis by the 
electrolytic method (for particulars of which see Section XXXVI., p. 367 et seg., 
and, in Germany especially, the manufacture of alkali by that process is advan- 
tageously combined with that of chlorine and hydrogen, all of which are important 
articles of commerce. Crossley (loc. ci/.) estimates that, in Germany, the electrical 
energy required for the process costs about |d. per cubic metre of hydrogen. 

S By the Decomposition of Hydrocarbons.— Under certain conditions 
acetylene undeigoes decomposition into its elements, thus : — 

CjHj = 2C -I- H4 + 47.8 cals., 

the reaction yielding not only hydrogen, but also carbon in a fine state of division, 
which may be used as pigment. The Carbonium Gesellschaft of Fredericks- 
haven produce the decomposition electrically, and the hydrogen thus obtained is 
used for filling Zeppelin dirigibles. Other hydrocarbons can be made to decompose 
into hydrogen and carbon, but as the reaction is usually endothermic so far as 
concerns hydrocarbons available for industrial purposes, a constant supply of energy 
is necessary. The reaction may be brought about by means of a very high tempera- 
ture, maintained by means of external heating, but methods based upon this fact 
suffer from the disadvantage of heavy wear and tear of the plant, occasioned by the 
high temperature needed. 

R. Lessing (English Patent, 15,071, Ig09)su[g;esls that hydrocarbon gases be decomposed in 
retorts at 1,000®-!, 300^ C., whilst R. P. Pictet (English Patent, 13,397, 1911) decomposes the 
vapours obtained by the distillation of petroleum oils by heating them to 1,350“ C. In an earlier 
patent (English Patent, 24,256, 1910; see also French Patent, 421,838,' 1910; German Patent, 
255,733, 1912) the latter utilises the heat obtained by the decomposition of acetylene. Since this 
decomposition is exothermic, once initiated it continues automatically, and the heat thus obtain^ 
is used to decompose hydrocarbons (c.^., benzene) whose decomposition is endothermic. The 
reaction is carried out by passing a mixture of acetylene with the other hydrocarbon through a 
conduit, the temperature of which is maintained at 500“ C., at a pressure slightly above the normal. 

The vapours of hydrocarbons (e.g., petroleum, benzene, etc.) may also be 
decomposed by the action of steam at a high temperature, when hydrogen and 
carbon mopoxide are obtained (Pictet, English Patent, 14,703, 1911; United 
States Patent, 1,134,416, 1913). The Badische Anilin und Soda Fabrik 
(French Patent, 463,114, 1913; English Patent, 12,978, 1913; United States 
Patent, 1,128,804, 1915) pass a mixture of hydrocarbons and steam over an 
inactive, refractory oxide, such as magnesia, covered with nickel oxide, or some 
Other suitable catalyst, at a temperature of 8oo'’-i,ooo" C. The resulting hydrogen 
is spitable for the production of ammonia after being freed from oxides of carbon. 

' Coke may abo be us# for the decomposition of hydrocarbons. Thus the Berlin Anhaltische 
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Maschinenbau A.*G. ^(German Patent^ 267, 944^ 191J; French Patent, 466,040, 1913; English 
Patent, 2,054, 1914) obtain gases suitable for heating or lighting, and, under suitable conditions, 
hydrogen, by passing vaporised petroleum oils over incandescent coke, whilst C. Ellil (United States 
Patent, 1,092,903, 1914) treats coke, rendered while hot by an air blast', with heavy petroleum oil. 
The gas produced during the blowing period, and the hydrogen formed during the gassing stage, 
are removed by means of steam pass^ over, but not throi^h, the bed of coke. 

6. By the Action of Acids on Metals. — Certain acids, e.g., dilute sulphuric 
and hydrochloric acids, readily generate hydrogen by their action on certain metals, 
for instance iron, zinc, and magnesium. Thus : — 

Ke + HoSO, = FeSO* H II2- 
7 .n + 2IICI = ZnCb + 

■ Mg + H2SOJ = MgSO^ + H2. 

These methods are employed in the laboratory to prepare hydrogen. The last is used when a 
very pure gas is required. The earliest industrial m6th<^s of manufacluting hydrogen made use 
of the action of sulphuric acid on such metals as scrap iron, zinc distillation residues, etc., and a 
very large number of patents have been taken out English Patents, 16,277, 1896 ; 15.509, 25,084, 
1897 ; 17,5161 1^5 6i 075> 18,931^1 1^5 ♦ 21,440, I9C^); but such processes are now practically 
obsolete owing to the enormous quantity of material requisite. Thus, as Crossley points out 
[lo£. cjV.), a small military airship of 250,000 cub. ft. capacity would necessitate the use of 18 tons 
of iron and 31 tons of sulphuric acid to inflate it. 

(C/. also English Patent, 5,577, 1911, G. WannschafF and J. Savelsberg, hydrogen and zinc 
oxide obtained by the action of zinc chloride solutions on waste zinc.) 

7. By the Action of Alkalis on Metals.— Certain metals, e.g., aluminium 
and zinc, have the power of liberating hydrogen from solutions of the caustic 
alkalis, thus;— 

2AI + 6KOH = AyOK), + 3H.,. 

Zn + 2KOH = Zn(OK)2 + Rj. 

Very pure hydrogen may be obtained in the laboratory by either of these 
processes. In the case of aluminium the evolution of hydrogen is very rapid. 
\Cf. Uyeno’s patent above.) 

Silicon behaves similarly with caustic alkalis, and G. F. Jaubert {French Patent, 454,616, 1912 ; 
English Patent, 7,494, 1913) proposes to obtain hydrogen by the interaction of powdered silicon, 
aluminium, or their alloys, with an emulsion of a concentrated solution of caustic soda or potash 
with a non-saponihable oil or grease, such as paraHtn. See also English Patent, 17,589, 1911, and 
the same author’s “ Hydrc^enite ” process dealt with in “ Special Methods’* Irclow. 

8. Special Methods. — Jaubert has patented several ingenious processes by 
which hydrogen may be very rapidly and easily generated for military purposes. 
In French Patent, 327,878, 1902, he describes the preparation of calcium hydride. 
The hydrogen which is evolved as a by-product in many processes, such as the 
electrolytic production of soda (see above), is freed from oxygen, dried, and 
passed over pieces of calcium heated in an iron tube in an electric furnace. 
When brought into contact with water the calcium hydride thus obtained evolves 
hydrogen with violence, thus ; — 

Cl -f = CaHj. 

CaH2 + aHgO = CatOHh, + 2ltg. 

The 90 per cent, pure calcium hydride prepared by the above method is known 
as “ Hydiolith.” One kg. of it yields 1 cub. m. of hydrogen, the evolution of the 
gas being so rapid that an average sized dirigible can be filled in about four hours. 
It is a very expensive method of generating hydrogen, but on account of its 
extreme rapidity has been adopted by the French army, and, as Fourniols 
(loc. cil.) points out, the saving in the cost of transport effected by using “ hydrolith ” 
in place of cylinders of hydrogen more than compensates for the expense of this 
material. See also English Patent, 25,215, 1907. 

Jaubert has also patented mixtures which, when heated at one point, react 
violently in a manner like " Thermit ” with the evolution of hydrogen. 

“ Hydrogenite,” for example, consists of five parts of ferro-silicon, containing 
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90-95 per cent, of silicon, twelve parts of caustic soda, and four parts of slacked 
lime. It may be ignited by means of a hot iron ball, in a special apparatus, and 
I kg. yields about 320 litres of hydrogen (English Patent, 153, 1911). 

Jaubert’s auto-combustion methods are also of interest (French Patents, 427, 19 1, 
ipro; 438,021, rgrr ; English Patents, 9,623, 1911; 5,005, 1912; United States 
Patent, 1,099,446, 1914). According to the first, a mixture consisting of a com- 
bustible body able to decompose water at a high temperature, and an oxidising 
agent able to support its combustion, is kindled in a closed vessel in the presence 
of water. The latter may be obtained by introducing a hydrated body which 
will give up its water at the temperature of the reaction. Suitable mixtures, for 
instance, may be made from iron filings, potassium perchlorate, and slacked lime, 
or from ferro-silicon, litharge, and soda lime. In the second method, water (in 
the form of steam) is the only oxidant, and a highly heated metal, metalloid, or 
alloy, preferably ferro-silicon, is used as a combustible, the reaction being started 
in a closed vessel with a pinch of gunpowder. 

Teissier and Chaillau (French Patent, 447,688, 1912) suggest the manufacture of hydrt^en by 
passing steam under pressure over a mixture of Itarium sulphide and manganous oxide. The 
resulting mass of barium sulphate and manganous oxide is converted into a mixture of barium 
sulphide and manganese dioxide by the action of a red heat, from which the mixture of barium 
sulphide and manganous oxide is regenerated by the action of a white heat. Thus : — 

BaS + 4MnO -I- 4H2O = BaSO, + 4MnO + 4H2. 

BaSO, + 4MnO = BaS + 4MnO„. 

BaS -t- 4Mn02 = BaS + 4MnO + 20... 


INDUSTRIAL USES OF HYDROGEN 

Hydrogen has recently assumed great industrial importance, chiefly owing to 
the creation of two entirely new industries— the synthetic production of ammonia, 
and the hydrogenation of fats. Aeronautics are responsible for another demand, 
and hydrogen finds some other important and useful applications. 

1. Use as a Combustible. — Water-gas consists of hydrogen mixed with 
carbon monoxide, and semi-water-gas also contains hydrogen. Both of these are very 
important fuels (see the present writer’s article on “Producer-Gas” in this volume). 
When hydrogen, undiluted with other gases, is burned with oxygen, a temperature 
as high as 2,800* C. can be reached. 

The oxy-hydrogen flame has one application in the production of the Drummond 
limelight. The hot flame, impinging on a cylinder of burnt lime, heats it to incan- 
descence, and produces a dazzling white light. The effect is almost equal to that 
of the electric arc. The flame has other applications, namely, for fusing and 
welding platinum, in working fused quartz, and in the production of autogenous 
joints in lead and other metals. Such joints, that is to say, those formed by melting 
the metal itself for the purpose of welding, are found to be more durable than 
soldered joints. 

The usual form of blow-pipe consists of a nozzle, fed by two tubes, fitted with stop-txjcks. One 
tube leads from a hydrogen-generator or cylinder, the other runs to a bellows, or may be fed with 
oxygen, the best proportion of the gases being one volume of oxygen to four volumes of hydrogen. 
The oxy-acetylene flame, however, is now replacing the oxy-hydrogen flame, owing to the higher 
temperature produced by the former, and to the fact that less gas is required. 


2. Use as an Inert Atmosphere.— Hydrogen, purified from traces of 
oxygen by passage over heated copper, may be used in certain processes which 
require an atmosphere free from oxygen, such as in the manufacture of tungsten 
filaments for electric lamps. These filaments have to be heated to a high tempera- 
ture, when they are very sensitive to the action of oxygen. An atmosphere con- 
sisting of equal parts of hydrogen and nitrogen is usually employed. 

3 - Use in Aeronautics. — Owing to its extreme lightness, hydrogen is 
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superior to all other gases for balloons and dirigibles. The gas must be dried 
and freed from compounds of arsenic and t>faosphorus, as these latter are liable 
to produce arsenic and phosphoric acids, which may corrode the fabric of the 
balloon with disastrous results. 

The lifting power of hydrogen prepared from zinc and sulphuric acid, and dried 
with lime, is given hy Walker (“Aerial Navigation,” 1902) at 68.5 lbs. per 
1,000 cub. ft, whilst Baden Powell (paper read before The Royal United Service 
lnstituti#n, 1893) PUl® ih® figure at 60 70 lbs. 

Specially rapid methods of preparing hydrogen for military purposes have been 
dealt with above. 

4. Use for the Synthesis of Ammonia.— Ammonia is now largely 
manufactured synthetically from its elements (N5 + 3Hj=2NHA which combine 
together with ease at high pressures and temperatures (500-600” C.), in the 
presence of suitable catalysts, such as uranium containing uranium carbide. A full 
description of the processes is given in Section XLVIII., p, 469. 

5. Use for the Hydrogenation of Fats.— Under suitable conditions 
hydrogen will combine with unsaturated organic compounds, thus ; — 


+ II2 “ f-jatfasOz- 
(Oldc a^.) (Sttaric Mid.) 


The saturated’ fatty acids and their glycerides have higher melting points than 
the corresponding unsaturated "compounds, so that by this means various soft 
oils and fats, such as whaleoil, fish-oil, linseed-oil, etc., may be hardened, and 
their commercial value correspondingly increased. Moreover, the colour of such 
saturated fats arid oils is rendered lighter by the process, and their characteristic 
odours and tastes are destroyed. The high melting-point products can be used for 
candle-making, soap-making, and in the manufacture of edible fats, etc. Conse- 
quently, enormous amounts of hydrc^en are now used for the hardening of fats 
and oils. Full details of the processes are given in Martin’s “ Industrial Chemistry : 
Organic," p. looa et seq. 


Id order to carry out the reaction satis&cturily, attention must be paid to the temperature, and 
means must be uken to ensure intimate mixing of the oii and the hydrogen gas, preferably by 
spra^i^ the oil into an atmosphere of hydrogen under pressure. The reaction takes place only in 
the presence of a suitable catalyst such as palladium, reduced nickel {prepared at a low temperature), 
or nickel oxide. The hydr<^en must be free from tin(»}rities, sulphur being especially deleterious. 
The reaction is in many ways a mysterious one, and seems to be extremely sensitive to small 
details. (See English Patents, 1,51$, 1903; 2,520, 1^,042, 1907; 9,112, 1908; 3,752, 7,726, 
18,969, 29,612, 30,014, 30,282, 1910; 8,147, 15,439, 15,440, 1911; 72, 4,702, 5,773, 18,282, 
18,310, 18,9^, 23,377, 23,643, 28,754, 1912 ; and Sports on Patent Cases,” 1913, Vol. XXX., 
p. 297; Unit^ States Patents, 1,004,034, 1,004,035, 1911; 1,026,156, 1,040,531, 1,040,532, 
^1,043,912, 1912; 1,058,738, 1,059,720, 1,060,673, 1913, etc.) 
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CARBON MONOXIDE 

The term “ producer-gas ” is applied to any gaseous fuel obtained from solid 
fuel in a “gas producer,” in which the solid fuel is, as far as possible, completely 
consumed by means of partial oxidation, so as to give a combustible gas and 
leave no combustible residue. In actual practice the oxygen required for the 
combustion of the solid fuel in making produCer-gas is obtained either from the 
air, from water, or (more frequently) From both sources. Hence three main 
varieties of producer-gas may be distinguished— air-gas, water-gas, and 
seini-water-ga[s— and as .the essential component of eadi of these gases is 
carbon monoxide (or carbonic oxide), CO, some information may first be given 
concerning tUs gas. 

C Carbon Monoxide is tibtained when carbon, or carbonaceous material, is 
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burnt in a supply of oxygen or air insufficient to convert it into the dioxide 
according to the equation — 

' 2C + Og 2CO, 

The reaction is very frequently considered to take in two stages. Firstly, according to 
this view, part of the carborl is converted into the dioxide, which then reacts with the remaining 
carbon to produce the monoxide, thus: — 

C + O2 = CO2, 

COg + C = 2CO. 

On 'the odier hand,- Dixofl^ has found that sinall quantities of the monoxide are produced 
by the action of oxygen on carbon at 500® C., whereas the reduction of carbon dioxide by carbon does 
not appear to take place below 600® C. Further, Baker^ has found that perfectly dry oxygen will 
combine with carbon only with difficulty, and that the chief product is then the monoxide. Possibly 
both reactions take place simukaocoiisly between carbon and oxygen, as indicated by the more 
recent work of Rhead and Wheeler. At any rale a state of equilibrium is established through the 
reversible reaction— 

COo + C;^ 2CO. 

This reaction has been fully studied by Rhead and Wheeler, who found, in accordance with 
Le Chatelier’s theorem, that— 

— P ^ * constant,® 

T * Cj 

where T is the temperature, P the pressure, C| the concentration of CO, and Cg the concentration 
of COg. This formula shows that both increase in temperature and decrease in pressure favour 
the formation of the monoxide, which is only to be expected from the fact that tlie reduction of 
carbon dioxide by carbon is accompanied by the absorption of 39 cals, per gram-molecule of dioxide. 

Carbon monoxide is a colourless, tasteless, and almost inodorous gas.* It is 
almost insoluble in water, but is readily absorbed by an acid or ammoniacal 
solution of cuprous chloride. 

Carbon monoxide readily burns in oxygen or air with a lambent blue flame, 
forming the dioxide. A trace of moisture, however, must be present, such as is 
always the case with ordinary air, otherwise combustion will not take place. On 
combustion, carbon monoxide liberates heat amounting to 68 cals, per gram- 
molecule, The formation of carbon monoxide from carbon is also exothermic 
(U.f heat-producing), the heat liberated being 29 cals, per gram-molecule. The 
following thermic equations may, therefore, be written — 

2C + O2 = 2CO -f- 58 cals. 

2CO -h Og = 2CO2 + 136 cals. 

and for complete combustion — 

C + O2 = CO2 + 97 cals. 

It is obvious, therefore, that in the conversion of carbon into carbon monoxide 
about 50 per cent, of the heat obtainable by complete combustion is ^evolved. 
Thus, for I lb. of carbon the theoretical yield.s are as under — 

C CO ^ COy 

Weight, I lb. — 2j lbs. — ^ 3| lt«. 

Heat, — >- 1,096 cals. — 2,571 cals. 

Total — 3,667 cals. 

Carbon monoxide is a very poisonous gas, even the presence of very small quantities in the air 
giving rise to unpleasant ana dangerous symptoms. These effects are due to the fact that the 
carbon monoxide combines with the hsemoglobin of the blood. Traces of the gas may be detected 


^ Journal of Ike Chemical Society {Traneactiofis)^ 1899, Vol. LXXV., p. 630. 

® Philosophical Transactions of the Royal Society^ 1M8, Vol. CLXXIX. (A), p. 571. 

® A slight increase in the value of the constant was noted with rise in the temperature, and 
accminied for on thwetica! grounds. See the reference given under Literature. 

^ Generally said to be odourtett, bet see RoKoe and Schorlemmer’s statement in their 
“ A Treatise on Chemistry,” Vol. I. 
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by shaking the suspected air (after freeing, if present, from ammonia and sulphuretted hydrogen) 
with a solution of palladium chloride. 0.05 per cent of the gas is sulBcientto produce a precipitate. 
Cases of carbon monoxide poisoning should be treated by removing the patient into warm, fresh 
air, application of warmth, artificial respiration, and the administration of oxygen. Medical aid 
should be called in at once. 

AIR-GAS 

The following general description of a “gas-producer” is<iuoted from Bone:-r- 
“A modern gas-producer consists of a cylindrical furnace, 6*12 ft. internal 



FlO. 1. — W.'iter-Sealed Mond Producer. Showing how air is blown 
in through the circumferential grate at the bottom. 

{P&ii'fr'Gtis Corporatim Lid., SltKklon-OH'Ttts.) 


diameter, and 10-15 ft- ^'8^. with fire-brick with an outer mild steel 

casing, and usually water-sealed at" the bottom. Means are provided (i) for the 
introduction of the blast through some form of grate or twyer fixed immediately 
above the level of the water in the seal, and its regular distribution through the 
bed of incandescent fuel (usually 3-5 ft. in thickness) which rests upon a lower 
bed of ashes; and (a) for the charging in of the raw fuel through (usually) some 
form of bell hopper fixed centrally on the top of the producer, round which ar| 
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arranged a number of equidistant poking ho|es closed by iron balls. The gas outlet 
is fixed near the top of the cylindrical furnace”* (See Fig. i.) 

“ When such an apparatus having, however, a solid, not water>sealed bottom, is 
' charged with any car&naceoiis fuel coal or coke) and worked with All Air 
blast only, the resulting gaseous fuel is known as The amount of 

air supplied must not, of course, be sufficient to oxidise the fuel to the fullest 
extent, since what is aimed at is the production of the maximum amount of carbon 
monoxide arid the minimum amount of dioxide. The air, meeting with ihe hot 
fuel at the bottom of the grate, may be considered to oxidise it mainly to carbon 
dioxide, but this, passing through the higher layers of hot fuel, is iWfuced to the 
monoxide. Thus in Fig. 2, which is a diagrammatic sketch of a prooUter, the hot 
air, entering at e, and passing through the fire-bars, bums mainly to carbon dioxide 
in the lower part of the furnace. Then, passing through the upper layers of red- 
hot fuel, it takes up more carbon and is reduced to the monoxide. The resulting 
air-gas passes through the exit c. a is the charging-hopper for the fuel, sss are 
holes for poking, etc., and d is a door for cleaning the fire-bars. 


From what has b«en said above, it follows that two things are necessary to the production of 
a good air-gas :^(i) The fuel must be stacked h^h; and (2) the temperature of the fuel must be 
kept high, since, in agreement with the results of Rbcad and 
Wheeler's experiments already quoted, the res'ersible reaction, 

CO 2 + C — >• 2CO» 

takes place more rapdly in the direction of the arrow at 
higit temperatures. Experiments carried out by Rhead and 
^Mteeier, in which the carbon dioxide employed was diluted 
with nitrogen so as to approximate to the actual conditions 
holding in the maniifaciare of air-gas, show that a tempera- 
ture of over 1,100^ C. must prevail in the fuel-bed if the 
fairly crnsplete reduction 01 carbon dioxide desired is to be. 
obtained.” Owing to the high temperature needed, it is 
necessary to take precautions gainst clinkering troubles. 
These may be overcome by the addition of limestone to 
the fuel. This device is employed in the Thwaite cupola 
producer^ (F^. 3). The limestone forms a liquid slag wnich 
is tapped at intervals. 

It will be seep from the equations given under carbon 
monoxide” that in the production of air-gas, nearly one- 
.third of the total heat available from the fuel is converted 
into sensible heaU When the gas is to be burned in large 
furnaces, for which purpose preliminary cleaning is not 
necessary, most cri* this sensible heal may be utilised if the 
gas has only to travel a short distance to the furnace. 
Otherwise the seosil^e heat of the gas may be employed, by 
a system of r^eneration, to heat the air with which it is to be burned ; or ft may be used for 
other purposes, according to the nature of the industry using the gas plant'-^the effecting of 
evaporation and the working of sulphur dioxide engines may be mentioned as two cases in point. 



Fig. 2.— Section through a 
Producer. 

{\Vilh ^rmisshn cj Messrt 
Gretn ^ Co.) 


The composition of air-gas will, of course, largely depend upon the nature of 
the fuel used. The ideal gas obtained from pure, air and pure carHbn would 
consist by volume of 34.7 per cent, carbon monoxide and 65.3 per cent, nitrogen.* 
In actual practice, however, it is not possible to avoid a small percentage of carbon 
dioxide, and when coal (not coke) is used as the solid fuel, a small amount of 
methane (which is, however, valuable as a fuel) is always present owing to the 
distillation of the coal of the top layers in the producer. 

The following may be given as two typical analyses. No. i refers to air-gas made in a 


’ Art. “Fuel” in Thorpe’s "A Dictionaiy of Applied Chemistry.” (Quoted by permission of 
the publishers, Messrs Longmans, Green & Co.) 

^ The name “ air-gas ” is also sometimes os^ for air charged with the vapour of a light hydro- 
carbon, e.g., pentane, which has a limited, .use both as anillnminant and as a fuel. (See Mr 
Dancaker'a article on “The Illnminating Gas Industry” in Martin’s “Industrial Chemistry ; 
OrKinic.” 

' Patent, 16,986, 1902. 

elsewhere, by “ nitrogen “ is meant “ nitrogen including argon, etc.” 
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No. I. 

No. 2. 

Carbon monoxide 

P«r Cent. 

29.0 

Per Cent. 

32.5 

Hydrogen 

5-35 

I.O 

Melhane 

2.05 

. 13 -^ 

Total combustible gases • 

— - 3 fi -4 

Carbon dioxide 

2.0 

1.4 

Nilr<^en 

61.6 

65.0 

Total incombustible gases 

63.6 

66.4 

Calorific power, B.T.U. per cubic foot - 

tjo. 8-138.7' 

114.5-115.0 


WATER-GAS 

In the manufacture of water-gas, the oxygen needed for the combustion of 


' These are what are termed respectively the “net" and “gross" calorific powers. The 
“gross" value gives the amount of heat obtained when the products of combustion ate cooled, 
so tto' liquid water is obtained j the “ net ” value gives the amount of heat obtained when (as in 
most eases of actual usag^ the water is reckoned to be present wholly as steam. The percentages 
In these artd.following analyses refer to the volumes of (be gases. 
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the solid fuel is obtained, not from the air, but from steam. Steam reacts 
with carbon according to one or other of the following equations : — 

C + HjO = Hj + CO. 

C + 2H0O = 2Hj h CQj. 

It is a matter of uncertainty which reaction takes place first : perhaps both carbon monoxide 
and carbon dioxide are formed simultaneously, as in the simple combustion of carbf^n. But in any 
case a final condition of equilibrium is reached through the reversible reaction : — 

CO + H^O COo + H... 

■ ff. 

Both of the former- reactfons are strongly endothermic : the first absorbing about 29 cals, per gram- 
molecule of carbon, whilst the second requires about 19 cats. It is obvious, therefore, that these 
reactions will only take place when heat is supplied from without, and since it follows that 

CO2 + H2 = CO + “ locals., 

it is obvious that high temperatures will favour the occurrence of the first reaction. These con- 
clusions are borne out by experiment. Tlie following results, due to Dr Bunte, are quoted from 
Robmson’a work referred to under Literature ” (p. 119) 


Table showing the Action of Steam on Carbon (Bunte). 


Temperature in 
Degrees C. 

Per Cent, of Steam 
Decomposed. 

Composition, by Volume, of 
Ga.s Produced. 

674 

8.8 

65.2 

CO. 

4.9 

00 - 2 . 

29.8 

758 

25-3 

65.2 

7.8 

27.0 

838 

41.0 

61.9 

15. 1 

22.9 

954 

70.2 


39-3 

6.8 

1,010 

94.0 

4S.8 

49-7 

'■5 

1,060 

930 

50.7 

48.0 

'•3 

1,125 

99.4 

50'9 

48.5 

0.6 


Hahn has more recently studied the reversible reaction, 

CO + + Hg + locals., 

and has found, in agreement with the law of mass-action, that the ratio, (where the 

COg X Hg 

symbols stand for the concentration of the gases present), is constant for any given temperature; 
and further, in accordance with the above conclu-sion, that the value of the constant increases 
with a rise in the temperature, from 0.81 at 786^ C. to 2.49 at 1,405” C. 

In order, therefore, to prevent the formation of more than a negligible proportion 
of carbon dioxide in the manufacture of water-gas, the reacting materials should be 
maintained at a temperature not below i,ooo” C. In actual practice it has been 
found altogether unsatisfactory to supply the heat necessary to maintain this 
temperature by any system of external heating, owing to the loss of heat in trans- 
mission from without to within the producer. This method was at first attempted, 
but now the necessary heat is invariably obtained by combustion in air of part of 
the solid fuel employed. The process is intermittent ; and in the earlier forms of 
it air-gas is produced alternatively with water-gas in the following manner : — The 
producer must be supplied with two outlets. First of all air is blown in, which 
produces air-gas and heats the fuel to the requisite temperature. This is known 
as the “ hot-blow,” “ air-blow,” or simply as the “ blow,” and lasts about ten minutes. 
The air-gas is taken off from one outlet, and is used to produce steam for the " cold- 
blow,” “steam-blow,” or “run,” lasting about four minutes. Water-gas is meanwhile 


^In this, as in all other thermo-chemical cqnations which follow in which water figures, the 
water is^umed to be in the sute of vapoiit. 
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taken ofif at the other outlet. When the temperature has fallen below that at which 
the reaction can be advantageously carried out, the steam is cut off and air is again 
blown in to heat the fuel. However, the production of air-gas during the “ blow ” 
has now been given up, in preference to plants in which the whole of the heat 
obtainable from a portion of the fuel is used to produce the desired temperature. 
This has led to a great reduction in the time of the “blow.” 

In Messrs Dellwik and Fleischer's water-gas producer,' the layer of fuel is less deep than in 
the older forms. The object of this is that during the “ blow” that portion of the fuel consumed is 
burnt completely to carbon dioxide. By this means the requisite temperature is obtained far more 
quickly — the blow lasts only about one minute— and at the expense of less fuel. The apparatus is 
shown diagraq]|natical!y in Fig. 4. Of course, when carbon dioxide instead of air-gas results from 



Fig. 4.— Dellwik and Fleischer’s Plant. 


the “ blow, ’ extra fuel must be burnt to produce the steam required for the run,” but it is found 
that there is a considerable saving in fuel on the whole, as well as a considerable saving of time. 

In order to render the production of gas continuous, plants have been devised in which two 
producers are worked tc^ether, one being “ blown,” whilst the other is “ run,” and vice versa. 

“a is the generator provided with a coal receptacle n ... of cast iron; this coal receptacle 
passes through a stuffing box n placed on the cover or top of the generator. Under the grating 
IS arranged the main air inlet l, and the gas outlet 1, and steam inlet s'. The generator is also 
provided with cleaning doors ii and h'. In the upper part there is an outlet pipe e, for the 
combustion products, which pipe is closed during the period of the production of water-gas by 
the valve or cover K. i' is an outlet for water-gas and s is a second steam inlet. The coal 
receptacle b is charged with coal, coke, or other suitable fuel, and then closed by the door'or 
cover c. The air inlet is arranged under the grate and preferably continued into the layers of 
fuel by an appropriate pipe G, provided with numerous air noKles or apertures, so that a thorough 
contact of the air with the whole mass of fuel is obtained. When the proper height of a given 
description of fuel for a given amount of air pressure has been determined by testing by means of 
the adjustable receptacle B shown in the figure, the cast-iron receptacle is advantageously replaced 
by one made of fird-bricks.” 


English Patent, 29,863, 1896. 
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Ideal water-gas sljould consist of 50 per cent, of carbon monoxide and 50 per 
cent, of hydrogen by volume. But in actual practice, of course, snirfl amounts of 
carbon dioxide and nitrogen cannot be avoided. 

The following may he given as typical analyses : — No. 1 refers to water .gas made at Essen firom 
coke by the older process in which air.^% produced during the ‘‘blow,’* and is taken from 
Fischer’s "Handbuch der Chnnischen Technoloeie” (15th ed.), Vol. I., p. 5a No. a refers to 
water-gM made in the improved plant of Dellwur and Fleischer. The two samples differ ih 
composition very slightly from one another. 



No. 1. 

No. 2 . 

Carbon monoxide - - . 

Hydri^en . - 

Methane 

Total combastible gases 

Per Cent. 

44.0 

48.6 

0.4 

93.0 

Per Cent 

43'0 

49-0 

0-5 

92.5 

Carbon dioxide - ? ' ' • 

Nitrogen * 

Total incombustible gases 

0 

1 
[ 

, 4.0 

3-5 

7-5 

Calorific power, S.T.U. per cabic foot • 

295.5-323-5 

290-340 


SEMI-WATER-GAS 

Semi-water-gas is produced by. blowing simultaneously steam and air through 
red-hot coke or other carbonaceous material, and is by far the most important type 
of pr^ucer-gas, so much so that it is frequently meant when the term “producer 
gas ” is employed without further qualification. 

It was pointed out under “Air-Gas” that in manufacturing this from carbonaceous fuel, about 30 
pet cent, of the available heat was converted into sensible heat. This, of course, is a source of 
waste, thoi^h, as already pointed out, a good deal of this heat may be utilised by means of various 
devices. Now if steam is pa-ssed through the fuel in the laoducer as well, it Is obvious that one 
or other of the endothermic reactions between it and carbon, 

- C 4- HgO = CO -h H2 - 29 cals. 

C +21120 = CO2 + 2Hj - 19 cals., 

will take place at the expense of this sensible heat. In other words, one or other of these reactions 
will convert the sensible heat into potential chemical energy, which will be obtainable again as 
sensible heat by combustion of the resulting gaseous fuel. The exact order in which the various 
reactions between the carbon, oxygen, and water take place is rather uncertain, but in any case a 
condition of equilibrium is obtained through the two reversible reactions dealt with under 
“Carbon Monoxide ” and “ Water-Gas” respectively, namely— 

CO2 + C 2CO - 39 calsi, 
and CO + HjO C(^ + Hj + to cals. 

And the result is the same as if one or other of the above reactions took place between carbon and 
steam concomitantly with the combustion of another portion of the carbon in the air to ckrbon 
monoxide, j.e., 

2C + O2 = gCO + 58 cals. . 

By adjusting the ratio between the amounts of steam and air, it ought to be possible to absorb all 
the heat given out by this last reaction, by that between the steam and the catbnn. And for this 
pu^e the two forms of this reaction are almost as good as one another, since that in which 
catbtm dioxide is produced gives an additional amount of hydrogen, with a heat of combustion 
but little less than that of the carbjai monoxide otherwise formed (58 cats net per gram-molecule 
in the firrt n^, to 68 cals, in the Second), though the formation of carbon dioxfoe serves to dilute 

of 8»*. twt decreasing the calorific power of a given 
volmy^; But, of course, this is not utually possible, since there is a temperature below which the 
«hd to maintain this it is necessary ttat Ihe sum total of the 
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reac^iptiA should be exothermic. Moreover, in actual practice an additional amount of carbb%; 
dioxide is always produced. But an approximation to 'the ideal condition of things is made, and 
the addition of the steam blast to the air blast increases the economy of production enormously, and 
yields a gas at a less high temperature than with air blast alone, and of a considerably increased 
calcH'idc power. When it Is necessary' to cool the g^ for use in gas engines), Us sensible 
heat may be used, by a system of regeneration, to hejjAc air blast. 

The extent to a-hich the reactions, ^ 

C + H3O = CO + llfi. 
and C + aHgO = CO^ + 2H2, 

take place depends upon the ratio of the steam blast to the air blast. For furnace purposes the 
hydrogen content of the gas should not exceed 14 per cent., hei^ce it is desirable that the first and 
not the second of these reactions should occur. On the other hand, this is not of importance if the 
gas U to be emplo^d for power purposes; and by the use of an excess of steam, in which case 
the second rather than the first of these reactions takes place, it is possible to recover, in the manner 
described below, much of the nitrogen of the fuel as ammonia. ' 

Ideal producer-gas made by the reactions — 

2C + Oj = 2CO, 
and C + = CO + 

would have a composition by volume of CO, 39.9 per cent . ; H2, 17.0 per cent. ; 
and Ng, 43.1 per cent. ; whereas that made by the reactions — 

2C + Og = 2CO, 

and C -I- 21120* = COg + 2H2, 

would have a composition by volume of CO, 19.8 per cent.; H,, 28.7 per cent.; 
CO2J 14.4 -per cent ; andi^^2) 37** percent. 

The following typical analyses by Sexton of various samples of producer-gas show an 
approximation to the first of these ideal gases, except No. 4, which approximates to that of 
the second type ; but in every casCf as might be exp^ted, the nitrogen content is much in excess 
of the theoretical. 


Analysis of Semi-Water-Gas (Sexton) 


■ 

No. I. 

No. 7. 

No.,. 

No. 4. 

1 

No. 5. 

Carbon monoxide 

Hydrogen 

Methane, etc. - 
Carbon dioxide 

Nitrogen ... - 

P«r Cent. 

24.40 

8.60 

2.40 

5-20 

59.40 

Per Cent. 
26.40 

12.13 

2.00 

9.16 

50 - 3 * 

Per Cent. 

27.00 

10.9a 

1.28 

4-50 

56.32 

Per Cent. 

16.15 

> 9-43 

2.66 

11.53 

50-23 

Per Cent. 

20.40 

12.^ 

3-50 

5 ' 5 o 

58.00 


In 1906-7 Bone and Wheeler (iof- cit.) carried out a series of experimenfs to determine the 
influence of varying blast steam saturation leinperalures upon the composition and yield of the gas 
from a Lancashire bituminous coal, the results of which are tabulated on p. 128. 


* Steam raised by part of the heat of the accompanying exothermic reaction. 




Results of Experiments by Bone and Wheeler. 
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TYPES OF GAS-PRODUCERS 

. It toll be impossible here to attempt to give a description of the very many 
different ■ kinds of gas-producers now in use. A great deal of attention has 
recently been devoted to the subject, and very many patents have been taken out 
in recent years, though a large proportion of these are concerned only with 
improvements in matters of detail. For consideration of such matters the reader 
shohld consult the special books ddaling exclusively with the subject noted under 
“ Litdtature.” All that can be done here is to give a brief description of the most 
important and typical producers. 

The simple form of gas-producer with a flat grate near the bottom is now 
practically obsolete, owing to the difficulty of removing the clinker when such a 



Fig. 5.— The Duff Producer (two views). 

{Taken from Mr F. G. Foxfs artic/e in *'Tke 
Cktmketi World'’ of Nor, and repra- 

dnc*d wiih kind perniisriou 0/ editor, Mr 
Drtaper, and the ^nbiishers, Messrs J. ^ A. 
Churchill.) 



Fig. 6. — Thwaite "Simplex” 
Producer. 


grate is employed. The chief aim of modem producers is to effect the various 
stages of gas-production by mechanical means as far as possible, and thus render 
^the whole process continuous. Modem gas-producers may be roughly classified 
according to the type of grate used and the manner in which the air blast is 
admitted, as under 

I. Diagonal Grate Producers.— in the Duff producer (Fig. 5) the grate 
■ bars, as will be noticed from the diagram, run across the bottom of the producer, 
not, however, occupying the whole area, forming in section an inverted “ V.’’ The 
ait blast enters beneath the grate, whose form ensures that the air is uniformly 
. distributed over a large area of fuel, and readily admits of the clinker being pushed 
into the water trough below. In the Thwaite "Simplex" producer (Fig. 6) the 
grate, underneath which the air blast and steam enter, slopes in one direction only. 
This producer is also water-sealhd. 

' a. Circumferential Grate Producers.— The Mond producer belongs to 
this type, the grate being made of an inverted truncated cone of fire-bars through 
which the blast enters. The shape admits, of the ready removal of the ash. Ihe 
yob.f.-SpS 
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producer is made both with a water-seal for fuels giving a small percentage of ash 
(Fig. i) and with a mechanical dry ash discharge, which automatically delivers 
the ash from the bottom of the apparatus for use with fuels having a high ash 
content (Fig. 7). For the special advantages of the Mond apparatus see below, 
“ Ammonia Recovery in the Manufacture of Semi-Water-Gas.” 

3. Central Blast Producers. — In producers of this type the blast enters 
through a louvred cone (»>., a cone consisting of a number of plates) placed 
centrally near the bottom of the producer, the grate bars being usually dispensed 



Fir., 7. — The Mond Producer, with 
Mechanical Dry Ash Discharge. 

{Tht p0wer4}ai Cfftporaiien Ltd., 
Sificktcn-on-Tfei . ) 


Fig. 8.— The Taylor Revolving Bottom 
Gas Producer (internal diameter, 6 
feet). 


with. The Taylor “Revolving Bottom,” Talbot and Kerpeley producers 
may be insta^ged as well-known examples of this type. In the Taylor pro- 
ducer ibe mixture of steam and air is delivered by means of a pipe, 

fitted witir% conical distributor, rather high up in the apparatus. The fuel and 
clinker rest upon a revolving plate, underneath which is a closed ash-pit. By 
rotating the bottom when necessary, the height of the clinker is maintained at 
about six inches above the level of the steam and air inlet, and, by this means also, 
air-passages that may have been formed by the action of the blast are closed up. 
The Talbot producer (Fig. 9) is provided with a central blast of the usual type, 
_#nd a double mechanical feed, as shown in the diagram. The apparatus is water- 
^s«ted and the clinker is removed by hand from the water trough. The Kerpelcy 
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producer (Fig. 10) has a revolving grate and heartlv. The blast distributor, which 
is fixed to the grate, is in the shape of a cone with its apex rounded. The lower 
portion of the apparatus is cooled by means of a water jacket. This obviates the 
clinker adhering to the sides, which ^would interfere with the rotation of the grate. 
The ashes in the rotating water trough are deflected over the side by means of a 



Fig. 9. — The Talbol Producer. 

from Mr F. G. Fogg’s ar/icU in “ The Chemical World,'' Dec. tlfii, and reproduced u/itk 
kiM permission o/the editor, Mr Drtop**, and the publishers, Messrs]. Is* A. Churchill.) 


fixed blade set at a convenient angle. (For a description of suction gas-producers 
see p, 135.) 

USES AND ADVANTAGES OF PRODUCER-GAS 

Semi-water-gas is employed both in furnaces and in gas efigines. For the 
former purpose, when the furnace is a large one, the gas need be neither cooled 
nor scrubbed clean. In the case of small furnaces, where there are small stop- 
cocks, etc., it is desirable, to avoid clogging, to scrub the gas free from tarry matter.; 
and for use in gas engines the gas must be both clean and cool. Many improve- 
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ments^have been ejected in gas-fired furnaces since Siemens ptented his 
regenerative furnace m i86i ; and great advances have been made in the constiuo 
tion of gas engines in recent times. Such subjects, however, lie without the domain 
of this work. , 

The advantages of producer's over the direct consumption of solid fuel are 
numerous. Of course, it is n(n|^)ssible to obtain more heat from a given quantity 
of fuel than is given out when it is burnt to carbon dioxide, and, in feet, there is 
a loss of heat in the manufacture of producer-gas (even of the semi-water- type) 
owing to the fact that the sum of all the chemical reactions involved is exothermic. 
But such losses as actually occur through this source in practice are amply made 



Fig. 10.— The Kerpeley Producer. 


{Taken from Mr F. G. Fe^^t artUU in ** Tht CheMicai H'erM," Dec, 
iqity and re/reduced with kind fermtuian tki editer, Mr Dna^r, 
and the fnUitherti Mettrs J. A. ChurcMI.) 

up for by the. economic manner in which gas can be burned as compared with 
solid fuel, ■'ttia-e are no losses in the case of gas furnaces through smoke or 
convection* cments. The amount of air required for combustion is not much 
atove the theoretical, whereas in furnaces burning solid fuel far more air is 
D^essary than actually takes part in the combustion, so that there is in the latter 
an extra large volume of ^ to carry away sensible heat through the chimneys. 
Moreover^ jn gas-fired furnaces the sensibte heat of the escaping gases is not 
on the “regenerative.” principle to heat the air for combustion, 
s and jl^plgl^hd M'Court’t method of surface combustion promises still further 
the economic combustion. of ^iseous fuels (see S^tion VI., p. 5;). 
I^^^^ore, gas is more easily transnutted than solid fuel, gas furnaces rngy 
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be maintained at a constant temperature, and a gas fire may be more easily applied 
in metallurgical work than one burning solid fuel. It is important to notice, also, 
in 'connection with metallurgical work, that with gas an oxidising or reducing flame 
may be obtained at pleasure. 

Nothing can be urged 'against the use of producer-gas as compared with coal 
on the grounds of efficiency or economy. One objection is that the gas is very 
poisonou.s, and that deadly quantities of it may estjpe into the air without betraying 
their presence by their odour. But so long as due care is exercised, especially with 
suction plants to be described later, nothing need be feared on this score. One 
way out of the difficulty is to flavour the gas, as is done in Germany in the case 
of water-gas, by bubbling it through mercaptan, a compound which has a pungent 
and most disagreeable odour. 

Something in favour of the use of producer-gas as against solid fuel may be 
said from another point of view. There can be no doubt that the smoke nuisance 
is one of the evils of modern times, and renders every great manufacturing town 
unsightly and unhealthy. Sir Oliver Lodge,' as well as other writers, have 
written eloquently on this subject, and dream of the days when coal will invariably 
be convert^ into either cciSl-gas or producer-gas at the pit’s mouth, and conveyed 
to consumers in the form of a clean, non-smoke-producing fuel. Little has been 
done as yet to supply producer-gas in the way that coal-gas is supplied, it being 
usual for consumers to make tbeir own gas. But in February 1905 an installation 
was built by The Power Gas Corporation Ltd. (the holders of the Mond 
patents) for The South Staffordshire Mond Gas Co., formed for the purpose 
of manufacturing and distributing producer-gas throughout a district of about 
120 square miles. The plant has run continuously day and night, distributing gas 
in steel pipes to a large number of consumers using the gas for many different 
purposes — power, annealing, enamelling, japanning, oxide burning for paint, heating, 
galvanising, etc. 

Finally, as will appear below, producer-gas may with advantage be produced 
from fuels of too poor a quality to be worth utilising otherwise. 

The above remarks apply maitily to gas of the semi-water type. Air-gas is by 
no means so economical, and is used far less extensively, though some engineers 
prefer it owing to its freedom from hydrogen, for reasons which seem by no means 
obvious. 

The uses of water-gas depend to some extent upon its greater calorific power 
as compared with other types of producer-gas, which greater calorific power is due to 
the fact, of course, that water-gas contains only small quantities of nitrogen, whereas 
nitrogen is present in large quantities in air-gas and semi-water-gas. It is used in 
Germany, on this account, for steel-plate welding. Another use for the gas is found 
in the fact that, although when pure it burns with a pale blue, non-luminous flame, 
after being carburetted with the decomposition products of petroleum, it gives a 
satisfactory luminous flame. Such gas is called “carburetted water-gas,” whilst 
the non-carburetted variety is distinguished as “ blue water-gas.” Water-gas is also 
used as an illuminant by systems in which “mantles” (e.g'., the Welsbach mantle) 
or rods (Fahnelyeltn system) of refractory material are heated by the com- 
bustion of the “blue” non-luminous gas to such a temperature that they emit a 
strong white light. (For further details see Mr Dancastei^S article on “Illuminating 
Gases "in Martin'S "Industrial Chemistry; Organic.”) More recently water-gas 
become very important as a source for the manufacture of hydrogen. (See the 
present writer’s article on “ Hydrogen ” in this volume.) 

AMMONIA RECOVERY IN THE MANUFACTURE OF 
SEMI-WATER-GAS 

As mentioned in the section on “Semi-Water-Ga^” it is possible, by means of 
certain modifications in the method, to recover the nitrogen of nitrogen-containing 

'S« "The Smoke Nuisance ” In “Modem Problems,” 1912. - 
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fuels as ammonia. The Mond system was specially devised for this end, though 
Motld plants may also be used for manufacturing producer-gas without nitrogen 
recovery. It is claimed that by the Mond process as much as 70 per cent of the 
nitrc^en present in the solid fuel may be recovered, and as there is a large demand 
for ammonium salts as fertilisers, the process is exceedingly profitable in the case 
of large plants working with fuel of good nitrogen content. Fig. i, p. 121, shows 
the construction of the Mond producer for ammonia recovery. 

The producer, as stated on p. 130, is water-sealed, and the grate is circumfertntial. The 
blast must contain a large excess of steam— t lb. of bituminous fuel requires 3 lbs. of air and 
2| lbs. steam— which serves to keep the temperature down, and thus prevents the decomposition of 
the ammonia foVmed, whilst at the same time it minimises the formation of clinker, and so allows 
of the continuous working of the apparatus. Only aNiut one-fifth part of the steam is actually 
decomposed, the rest escaping with the gas, part of the heat of which is recovered by means of a 
tubular regenerator, and is used to raise steam (about 40 per cent, of the total) for the blast. The 
blast is further heated by being circulated around the producer within an outer casing. The gas is 
further cooled down to about 90" C. by means of a water spray, which frees it from tar (which may 
be recovered from the washings). It then passes into a lead-lined tower, where it meets with a 
stream of ammonium sulphate solution containing about 4 per cent, of free sulphuric acid. The 
acid extracts the ammonia from the gas, 

aNHa + H^SO^ (NII^V^O,, 

^viog ammonium sulphate. The gas is finally washed with cold water befurc being used. 

For further details regarding Ammonia Recovery, see this volume under 

Ammonia. 

Owing to the large proportion of steam used, the reaction between the steam 
and the carbon of the fuel takes the form — 

C + 2H2O = 2H2 + CO.. 

Consequently the gas differs considerably in com|)osition from ordinary semi- 
water-gas, containing more hydrogen and carbon dioxide and less carbon monoxide. 
Moreover, it has a smaller calorific power. But with very large plants working 
with highly nitrogenous fuels, the gas may be obtained practically without cost 
owing to the value of the ammonia recovered. 

The process, moreover, can be applied wiih success to peat comaining as much as 6o per cent, 
to 70 per cent, of water, and brown coal containing 50 per cent, to 60 per cent, of water, which 
cannot be gassified by other processes w-ithout being first dried— which cannot be economically 
effected. For smaller consumers Mood plants are made without ammonia recovery, in which case 
less steam is employed, and a gas containing less hydrogen and carbon dioxide, and more carbon 
monoxide is obtained. 

The following analyses of “ Mond gas ” are published by The Power Gas 
Corporation.' No. I refers to bituminous fuel with ammonia recovery. No. 2 
refers to bituminous fuel without ammonia recovery. 



No. 1. 

No. 2. 

Carbon monoxide - • ■ • • • 

Hydrogen 

Jlcthane 

Total combtuitble gases 

Carimdioxide 

Nitiogim (and moisture) «... 
Tow incombustible gases - - 

Cdorific power, B.T.U. per cubic foot - 

Per Cent. 

11. 0 

27-s 

3-0 

— 41.5 

16.5 

42.0 

— 58.5 

147.4-164.3 

Per Cent. 

23.0 

17.0 

3-0 

43.0 

50 

52.0 

57.0 

157.5-169.2 




l^jgj^ks arc due for kindly supplying me with pamphlets descriptive of the 
producers^ etc. 
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SUCTION GAS-PRODUCERS 

In ordinary producer-gas plants the gas is made under a pressure somewhat 
above the atmospheric, the blast being forced into the apparatus. For furnace 
purposes the gas may be taken direct from the producer, but when required for 
gas engines it must first be stored in a gas holder and then delivered under very 
slight pressure. To avoid the exjrense of a gas holder, producers have been 
devised in which the gas is produced moment by moment, as required, by the 
sucking action of the gas engine driven by the gas produced. Each movement 
of the piston draws a fresh supply of gas from the producer, and an equal volume 
of air and water-vapour is consequently sucked into it. 

The generation of gas must be initiated by means of a blower, and the engine 
is not started until the gas is found to burn satisfactorily at the test-cock. The 
gas is cleaned in a scrubber, and preferably dried in a dryer before entering the 
engine. The production of gas continues so long as the engine is working, and 
ceases when the engine stops and, thus, no longer sucks air and water-vapour into 
the producer. Suction plants, of course, give most satisfactory results when the 



Fro. II. — Mond Suction Plant and Engine. 
{Powtr-Gat Cffff oration Ltd.) 


engine is running at full load, as otherwise the quality of the gas is liable to 
deteriorate. 

A further economy is effected by the fact that no boiler is required in conjunction with these 
plants, its place being taken by a “vaporiser” or “evaporator,” of which perhaps the best form 
IS that of an internal annular boiler, as in the Mond suction producer (Fig. ii), the Dowson plant, 
and others. This raises steam by means of the waste heat of the producer, the needed air 
also being sucked into the apparatus through the vaporiser. 

The details of the Oowsofl (w B. H. P.) plant, as a modem and fairly typical suction producer, 
are shown diagrammatically in Fig. 12, and the following description of the apparatus and the 
manner of working it is quoted from OowsOQ and Larters work referred to under “ Literature.” 
“ A is the grate on which the fuel rests ; b is the container holding a store of fuel which is admitted 
through the hopper and valve at the top ; c is a chamber filled with loose pieces of fire-brick ; D is 
a circular pipe with holes in the top, which receives water from the feed-pot E ; f is the air inlet, 
and G the gas outlet, with test-cock at H ; i is a chimney or waste pipe ; J is a coke 
scrubberwithwater-sealatthebottom; Kb the gas outlet. . . . A small hand-power fan (not shown 
in the figure) [is used] for blowing up the fire at the start. When the plant is to be worked, a 
little oily waste and some wood are put on the grate A, and the producer is filled with anthracite 
or coke in small pieces. The feeding hopper b then closed, and the cock on the waste pipe i is 
opened } the fire is then lighted through a door on the level of grate A ; the fan b set in motion, 
and the products arc in the first instance allowed to escape through the pipe i. The water supply 
is turned on, and as soon as gas will burn well at the test-cock h, it Is ready for use in the engine ; 
the waste pipe I is then closed, and the gas is blown off through a waste pipe near the engine until 
good gas from the pr^ucer reaches the gas-cock on the engine. The engine is then started and 
the fan is stopped. From this time the engine itself draws in the air required for the producer, 
as well as the water to be vaporised in the chamber c, the mixture of. steam and air passing 
downwards from c, through L, to the underside of the grate A.” 
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Fig. ii.—Dowson SucUcm Gas-Producer. 


BLAST-FURNACE-GAS 

The name “ blast-furnace-gas” is given to the waste gas derived fromTnrnaces 
used in the smelting of iron and other ores. In composition the gas is the same 
as a low grade producer-gas, its calorific power varying from about 90 to 100 B.T.U. 
per cubic foot. It is frequently employed as a gaseous fuel, and thus, as it 
resembles producer-gas in its composition and its industrial uses, it may be dealt 
with in the present place. 

The composition of the gas is variable, but the following fibres ate given by 
Blount and Bloxam as typical analyses, on the authority of Turser. 

In the case of No, i coke was the fuel employed, whilst biluminOBfJwl Wts used in the case 
of No. 2 : — 



— m 

No. li 

No. 2. 

C^bon monoxide . a . 

Hydrogen • - • . - 

Methane - - • - 

Total combustible gases • 

Pef'teiit 

2 

2 

- 29 

PerCest 

38.0* 

5-5 

4-4 

37-9 

Carbon dioxide • - - • - 

Nitrogen • • - - - 

^ incombustible gaiec • - 

la 

59 

- 71 

8.6 

53-5 

63.1 


i some cas^, however, the content carbon monoxide may be as 


U^aajo per cent. 
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f “4“ I'’ ■>«•«« h Dufaur, this valuable Source of energy 

Mtirely neglected. Plants were then devised and erected whereby about 50 per ce^ 
of the were employed to heat the blast, ^iiig burnt in furnaces or the “regenerative” 

typCj alwut ^ p« cent, were Used for boiler firing to produce steam, the rimaining lo per 
cent, being wasted. But the efficiency of such boilers was unsatisfactorily low. 


Nowadays the improvements that have been effected in gas engines and the 
introduction of large gas engines have rendered possible the more efficient utilisation 
of blast-furnace gas, and it is now extensively used for this purpose. Before 
entering the ermine the gas must be cooled to about 19* C., and the dust, which, 
of course, is usually present in such gas in considerable quantities, must be reduced 
to not more than 0.0 1 g. per cubic metre— a quantity which is negligible. To 
effect this the gas is first passed through one or other of the usual forms of dry- 
cleaning apparatus. It is then washed with water, a centrifugal apparatus being 
employed, either alone or after ordinary water washing, in which the gas is 
thoroughly agitated with water in the form of fine spray. Ammonia, as well as 
tar, ^ be recovered from the water used for washing gases from blast furnaces 
in which raw coal is burnt. 
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OCCURRENCE 

Carbon dioxide is invariably present in the atmosphere, being formed by the respiration of animals 
as well as by the decay of organic matter. The amount varies from about 0.03 per cent, in “fresh” 
air to as much as 0. 3 per cent, in crowded rooms. For the same reason it is invariably to be found 
in the soil, from which it is taken up by rain and spring water. 

Enormous quantities of carbon dioxide are evolved from volcanoes, and from fumaroles in 
volcanic districts, the Grotto del Cane near Naples being specially noted in this respect. Large 
amounts are also present in many natural mineral waters, especially those coming from springs 
of volcanic origin, as in Germany, Java, etc. 

The bulk of the world’s content of carbon dioxide occurs stored up in rocks and minerals, such 
as chalk, limestone, marble (CaCOg), magnesite {MgCOg), dolomite (MgCOg-CaCOg), etc. 

PROPERTIES 

Carbon dioxide is a binary compound of the formula COj, and having a 
molecular weight of 44 ( 0 =i 6 ). It contains 27.27 per cent, of carbon, and 
72.73 per cent, of oxygen by weight. It is a colourless gas, possessing a slightly 
pungent smell and an acid taste. It is very heavy, and can readily be poured 
from one vessel to another, its specific gravity at N.T.P. being 1.529 (air=i, 
Rayleigh and Leduc independently), so that i litre of the gas at N.T.P. 
weighs 1.977 g. 

The gas is non-combustible, and will not support the combustion of other 
bodies, with certain exceptions, such as magnesium, which will bum in carbon 
dioxide, fielding magnesium oxide and free carbon. The presence of 4 per cent, 
of carbon dioxide in air is sufficient to extinguish a burning candle. It is not 
poisonous, but it will not support respiration, so that air containing' much carbon 
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dioxide asphyxiates i hence asphyxiating air is often found in welts, cellarSi mine- 
shafts, etc. :i ■ 

Carbon dioxide is sometimes known as carbonic acid gas. It is, correctly 
speaking, the anb^ldride of carbonic acid (H^COj), which acid is formed when 
carbon dioxide is dissolved in water (H ,0 + C63= HjCOj). This is shown by the 
fact that the solution exhibits a weakly acid reaction to litmus, which reaction is 
given by neither the dry gas nor by dry liquid carbon dioxide (y.».). This acid 
forms two series of salts, the carbonates (MjCOj) and the bicarbonates (MHObs) 
(where M is any univalent metal), which evolve carbon dioxide'when acted on by 
acids less volatile than that gas. 

The solubility of carbon dioxide in water is high, the “absoqrtion coefScient” 
(the volume of gas measured at o° C. and 760 mm. which is absorbed by i c.c. of 
water at t° C. and 760 mm.) being 1.7967 -o,o776i/+o.ooi6424/^, so that at 
ordinary temperatures the gas is soluble in about its own weight of water. The 
solubility for a few temperatures is given in the table below ; — 


Temperature, Degrees C j o. 

1 

5* 

10. 

IS- 

20. 

Solubility (volume CO2 at N.T.P.lj 
absorbed by i c.c. water at/i 1.7967 
760 mm.) Jj 

\ 

1-4497 

1.1847 

1.0020 

0.9014 


The solubility is increased by pressure, but not quite to the extent demanded 
by Henry’s taw (according to which the ratio between the solubility and the 
pressure should be constant). According to Wroblewski (Wiedemann’s 
“ Annalen der Physik und Chemie,” Vol. XVIII., 1883, p. 290), the solubilities at 
12.4' C. for various pressures are as under : — , 


Pressure in atmospheres • 

I 

5 

10 

15 

20 

25 V 

30 

Solubility at 12. 5” C. 

1.086 

5-15 

9-65 

13-63 

17.11 

20.31 

23.23 


On removing the pressure, and especially in the presence of a porous body like 
bread or sugar, the additional volume of the gas is briskly evolved, causing 
effervescence, as in the case of soda water, beer, etc. The solution has a sharp, 
refreshing taste. 

Liquid and solid carbon dioxide will be dealt with below. 


MANUFACTURE, Etc. 

I. Collection and Purification of Natural Carbon Dioxide.— In order 
to collect the carbon dioxide escaping from mineral springs, borings are made in 
suitable regions, and round each boring a basin is excava^d. The basin is kept 
filled with the water escaping from the bore-hole, the excess of water running away 1 
by means of an overflow channel. Over the Imre-hole is placed a metallic gas- 
collecting vessel, or gasometer, which is provided with a counterpoise. The esca^g 
gas collects under the gasometer, and is led away by a tube passing out of the 
upper part The gasometer is automatically raised or lowered in the water by the 
counterpoise, according as the quantity of gas collecting in it increases or decreases. 
A similar apparatus is in use for collecting the carbon dioxide evolved from dry 
earth fissures. , 

The escaping gas is cleaned- in a spray apparatus, in which it is absorbed by 
^ water under pressure in the presence of coke. A small quantity of potanium 
' [H^mamatitte may be added more effectively to oxidise such Huparities fl* 
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sulphurett^ hydrc^en. The gas is then dried in towers containing calcium chloride, 
ana is nnally liquefied and stored in steel cylinders. 

South Germany has many important carbon dioiide sprii^ from which<normous quantities of 

2. ^ a By-product in the Manufacture of Beer, Etc.— Enormous 
quantities of carbon dioxide are evolved in the manufacture of beer, wines, spirits 
etc., owing to the sugar undergoing alcoholic fermentation — ' 




= aCjHsOH -r 2CO2. 
(Alcohol) 


The thus evolved has a flavour like fusel oil, and is, therefore, unsuiled for many of the 
purp^ for whch carbon dioxide is in demand ; but fermentation carbon dioxide is certainly 
2“^ raising beer, and many methods have been devised for economically 
collecting It, which have, however, met with but Uttle success. Stead and Palmer (EiiElish 
Patents, 27j39fl, 1904, and 23.763. ‘907), for instance, collect the gas by means of counterbalanced 
gasometer be^, m Mustructed ^ to operate by their vertical movement means for throtlling the 
flow of gas, effected by the use of a sleeve fitting a perforated vertical pipe. - ® - 

For further particulars see Mitchell’s “ Mineral and Aerated Waters.” 

3 " the Action of Acids on Csrhonstes. — Carbon dioxide is usually 
prepared in the laboratory by the action of dilute acids on various carbonates : 

CaGOj -h aHCl = CaCIa + H.O + CO,. 

+ HaSOa = MgSO, + HjO + CO. 

2 NaHC0j + HaS04 = NajSO, + aHjO -fi aCOj, 


and the same method is used industrially, though to a very much less extent now 
than formerly. 

Both sulphuric acid (oil of vitriol) and hydrochloric acid are used, but the former more 
especially, because the volatil^mpunlies conUined in the latter acid render the purification of the 
resulting gas more difficult. The sulphuric acid must, however, be free from arsenic (a frequent 
impurity) in the case of carbon dioxide for mioerat waters, etc. ^ 

As concerns the carbonates, whiting (purified chalk, CaCOs) or sodium bicarbonate (NaHCO.) 
^ teen usually employed m England, whilst powdered marble (CaCOj) has teen used in America 
In Germany the mineral water manufacturers have generally employed magnesite (MgCO,|. Sodium 
bitatten^e with sulphuric acid yields very pure carbon dioxide, and has ihe advantage of leaving a 
solnble salt in the generator, but its use is very expensive. Marble frequently contains bituminous 
matter and iron, u that the evolved gas needs careful purification. Whiling, on the other hand, 
requires to be mixed with mote water than powdered marble, so that a larger generator is required 
tor the same amount of carbon dioxide; the action is somewhat violent, and ihe gas contains 
impurities, ^th marble and whiting, with sulphuric acid, leave in the generator a troublesome 
mass of insoluble calcium sulphate or g)'psum (CaS04), thus — 

CaCOj H2S04 = CaSOj -t-HjO + COj. 

Mynesite 1^ the advantage of giving a high yield of carbon dioxide (52 perxtent. by weight), 
and the mother liquors can be worked lor magnesium sulphate or Epsom salts (MgSOj). 
ti. acid to an amount generally less than that sufficient compleiely to neutralise 

tne carbonate is ran into a generator containing the carbonate mixed with water. The generators 
are usually constructed of lead, or cast iron lined with lead. Their form is that of a cylinder, 
either npnght or, preferably, horirontal. The acid is admitted from an acid tank by means of a 
syphon tube, which acts also as a safety valve. An additional safety valve may be provided, 
espemlly m the ease of cast-iron generators for use with sodinm bicarbonate. A stirrer is also 
provided, which rotates within the vessel and keeps its contents well mixed. The driving rod of 
catten'dkH^^*'* ‘htough a stuffing liox, which renders it gas-tight, thus preventing the escape of 

generated by these methods needs a certain amount of purification, which is 
Mected^ 1^ means of water-scrubbeix. If, after this treatment, it still possesses an unpleasant 
ciur. It IS further purified by leading through a soluiion of potassium permanganate, which destroys 
organic expounds and sulphuretted hydrogen, and one of sodium bicarbonate, which retains acid 
inmM. T^e gas may finallrbe filtered through wood charcoal. ^ 

sometimes manganese dioxide or potassium petnianganaie is directly added to the generator, 
when sulplmiic, but not hydrotffiloric, acid is uisd. 

f ^ %%^product in the Burning of Limestone.-~-Large quantities 
- burning of limestone and marble for 
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CaCOj = CaO + CO.j ’ — and several patents have been taken out for collecting and 
purifying the gas from this source. 

The evolved gas, which contains about 30 per cent, of carbon dioxide, the 
remainder being mainly carbon monoxide and nitrogen, is drawn off from the upper 
portion of the furnace, and water-scrubbed. It is then sufficiently pure for the 
purpose of sugar refining. If pure carbon dioxide is required the gas may be 
absorbed by potash-lye (potassium carbonate solution), and re-evolved as described , 
below. 

S- Recovery of Carbon Dioxide from Furnace Gases.— Furnace 
gases resulting from the combustion of coke or charcoal contain about 20 per cent, 
by volume of carbon diokide, and several processes have been patented for recover- 
ing this product from them. 

The usual method (Stead’s process) is to absorb the gas by means of potash-lye 
(potassium carbonate solution), and afterwards to liberate it by heating the carbonated 
lye under reduced pressure— 

KjCOj -f H^O -f COj aKHCOj. 

The plant consists essentially of a lye boiler, directly fired with coke. The 
combustion gases, after washing and cooling, are forced through towers containing 
hard coke, in which they are absorbed by cold lye passed down the towers, 
reaction taking place in the direction of the upijer arrow in the equation given 
above. The carbonated lye is then pumped into the boiler and boiled, when the 
reverse reaction lakes place, and the carbon dioxide is expelled. The lye is then 
used over again. Heat interchanges are ananged in the pths of the lye, so that 
part of the heat of the hot decarbonated lye from the boiler may be given up to 
the cold carbonated lye on its way to the boiler. The evolved carbon dioxide is 
dried by means of calcium chloride, and either ])assed into a suitable gas holder, 
or immediately liquefied. 

Carbon dioxide of a high degree of purity can be obtained by this method, 
comparing favourably with that produced from sodium bicarbonate. The gas is 
much purer than that obtained from acid and whiting, and as the process is 
considerably cheaper, it has to a very large extent supplanted the former method, 

Knowles (English Patent, 1,744, I 9 ° 7 ) provides means for the dilution of the carbonated lye, 
which he finds facilitates its decomposition. For other improvements see English Patent, 3,106, 
1907, and French Patent, 387,874, 1908. 

6. Recovery from the Exhaust Gas of Gas Engines (Suerth System). 

— In North Germany, carbon dioxide is obtained in a somewhat similar manner to 
the foregoing from the exhaust gas of gas engines. Producer-gas, after being 
scrubbed, is exploded in the cylinders of the engine. The issuing gases, which are 
very hot, are used to heat the carbonated lye in a special boiler. The gas is then 
passed through scrubbers containing limestone over which water trickles. Sulphur 
dioxide and dust are thereby removed. Next the gas is pumped, under a pressure 
of three to five atmospheres, through a vessel containing' potash-lye, provided with 
a number of baffle plates, under each of which the gas accumulates in turn, and is 
thus exposed for a long time to the action of the lye. The carbon dioxide is thus 
absorbed (KjCO^'pCOj-P H20= 2KHCO3), the process being completed in an 
absorption’ tower. The carbonated lye is then pumped into the boiler, the carbon 
dioxide is expelled by boiling (2KHC0s=K2C08 + C02+H20), and the purified 
gas is dried and liquefied. 


LIQUID CARBON DIOXIDE 

Carbon dioxide has a critical temperature of (approximately) 31.0" C., the 
corresponding pressure being 73 atmospheres. It follows, therefore, that the gas 


* A furtha qua^ty of carbon dioxide is, of conrK, obtained from the coke used for burning the 
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can be liquefied at ordinary temperatures by pressure alone. About 50-60 
atmospheres are required, whereas at 0° C- 36 atmospheres are sufficient. At 
760 mm. pressure the boiling point of the liquid is - 78.2“ C. ; this is shown in 
the following table, as well as the vapour pressures corresponding to other 
temperatures : — 


Temperature, Pegrees C. [ 

1 

-78.2 

-25 

-IS 

1 

-5 

i 

+s i 

1 

+15 

t 

+25 

+ 35 

+ 45 

Pressure in atmospheres \ 

(1 atmos. s:76o mm.) j 

I.O 

1 

17.1 

23.1 

30.8 

40.5 

S2.2 

66.1 ' 

j S2.2 

100.4 


Faraday was the first to succeed in bringing about the liquefaction of carbon dioxide, which 
he did by allowing sulphuric acid to act on ammoniuin carWnate in a sealed tube bent so as 
to form an inverted “V,'’the gas being liquefied by its own pressure. Thilorier, in 1839, first 
prepared liquid carbon dioxide on a large scale. He used two cast-iron cylinders, in one of which 
the carbon dioxide was formed by the action of sulphuric acid on sodium bicarbonate. The gas 
was liquefied by means of its own pressure, and then distilled into the second cylinder, The 
apparatus was dangerous, several fatal explosions occurring. A similar apparatus, in which lead 
cylinders surrounded by copper jackets (Mareslca and Donny) were employed, was found to be 
more reliable. 

Liquid carbon dioxide is a colourless mobile fluid, having a specific gravity of 
1.06 at - 34” C, 0.947 at o’ C, and 0.726 at + 22.2° C. It will be seen from these 
figures that the coefficient of expansion of the liquid is greater than that of any 
gas. It is almost insoluble in water, but readily dissolves.in alcohol or ether. 

Owing to its convenience and the speed with which it can now be manufactured, 
carbon dioxide is nowadays usually stored and sold in the liquid form. Since the 
temperature rises when the gas is subjected to pressure, most modern compressors 
are of the multi stage type, in which the gas is submitted successively to two, three, 
or even four different and increasing pressures, being cooled by means of cold 
water between each stage. 

The most efficient type of cooling apparatus is constructed of double pipes. The water flows 
through the inner lubes, and the gas passes along the annular space between the pipes in the 
opposite direction. A submerged condenser is usually employed for the final stage. 

The cylinders in which the liquid is stored are not completely filled, a .space being left for the 
iquid to expand, otherwise there is a danger of explosion. The presence of air also greatly 
increases the risk of explosion, only i per cent, of air left in the cylinder increasing the pressure 
in it by over 3 pet cent. , in the most favourable circumstances (see Stewart, W. a '/. ). 


SOLID CARBON DIOXIDE 

When liquid carbon dioxide is allowed suddenly to evaporate, part of it 
solidifies owing to the decrease in temperature produced by the evaporation. 

The solid can be most readily prepared by tying a bag of coarse canvas around 
the outlet tube of a cylinder of liquid carbon dioxide, which is inverted so that the 
valve is underneath. On opening the valve, the liquid very rapidly blows into 
the bag, part vaporises and escapes through the pores of the canvas, whilst the 
remainder solidifies owing to the decrease in the temperature, and collects inside 
the bag in the form of a white bulky crystalline powder resembling snow (Landolt, 
Berichte, 1S84, Vol. XVII., p. 309). 

On compression in a wooden mould a compact mass is obtained, which, owing to 
the very large heat of vaporisation required, does not readily evaporate in the air. It 
may be retained in a cardboard or wooden box, or preferably wrapped round with 
indiarubber tissue, then with cotton wool and paper. The specific gravity of the 
solid is about 1.2. Its temperature is - 79” C, but it may be gently touched by 
the hand without sensible cold, owing to the protective atmosphere of gaseous 
carbon dioxide around it. If, however, it is pressed to the skin it forms a blister. 
On mixing with ether or chloroform the temperature falls to about - 90° C., the 
mixture forming an excellent one for refrigerating purposes. On reducing the 
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■ pressure the temperature falls still further to atmilt - no" C. Liquid' carbon 
dioxide immersed in a tube in this mixture solidifies to an ice-Uke solid (Mitcheil 

and Faraday), having a specific gravity, at -79’ C., of 1.56. 


TECHNICAL USES OF CARBON BIOXipE 

I *“ The uses of carbon dioxide iif^coSinerce are many and increscent. The more 
important are noted below. 

Carbon dioxide is used extensively in the manufacture of sugar for removing 
lime from the limed sugar-cane juice. It finds important application in the manu- 
facture of various carbonates, especially white lead (France and Germany) and 
sodium bicarbonate, and in the manufacture of alkali both by the Solvay or ammonia 
soda process^iand the cryolite process, in the latter of which carbon dioxide is used 
to decompose the sodium aluminate produced. 

Carbon dioxide is also used for carbonating and raising beer, and in the 
manufacture of aerated waters. Liquid carbon dioxide, purchased in cylinders, 
has largely displaced the use of gas prepared at the works from whiting and 
sulphuric acid in the latter, as well as in other, industries. As Mitchell points 
out (Aw. (it.), this substitution has eliminated the employment in the factory of 
sulphuric acid with its attendant dangers. It has considerably reduced the labour 
bill, owing to the ease with which the cylinders may be handl^, and has cut down 
the cost of materials by about to per cent. Moreover, the liquid carbon dioxide on 
the market is purer than that usually obtained frq|p whiting and sulphuric acid. 


Carbon dioxide has been found useful for protecting Wines from moulds, etc. A method of 
preparing carbon dioxide with antiseptic pryietlies, in which it is sterilhed by means of osone, 
has been described by Bourchaud-Praceig (French Patent, 388,970, 1907). 

Liquid carbon dioxide is also now extensively used as a refrigerating agent, 
especially in the manufacture of mineral waters, which need to be thoroughly 
cooled for saturation with gas during the botding process. Liquid carbon dioxide 
has several advantages over both ammonia and sulphur dioxide as a refrigerant 
It cannot impart, like ammonia or sulphur dioxide, any objectionable flavour to 
mineral waters with which it may come in contact, but can be used to carbonate 
them after it has done its work as a refrigerant. It does not attack copper, and 
its cost is very much less than that of liquid ammonia. Consequently carbon 
dioxide refrigerating machinery is rapidly displacing ammonia plant and sulphur 
dioxide plant. 

Still colder temperatures can be produced by means of solid carbon dioxide 
prepared from the liquid as described above. 

By allowing liquid carbon dioxide to come in contact with molten steel in 
strong gas-tight chambers, enormous pressures are produced, which free the castii^ 
from bubbles and increase the density of the metal. Liquid carbon dioxide is, 
therefore, used for hardening steel, especially by the firm of Krupp in Germany. 

Liquid carbon dioxide has further Applications in the removal of boiler-scale 
(see German Patent, 55,241, 1890), and as a fire extinguisher. 

Liqoid carbon dioxide may be used for railing suaken ships, etc. Dr W. Raydt was the first 
to carry out experiments in this direction, and in 1S79 succeed in raising an anchor we^hing 
3t6cwt. (German) from a depth of 90 ft. in the sea at Kiel, by meaia of a carbon dioxide balloon. 

Carbon dioxide possesses tbenpentic properties, baths of water sapersatnrated with the gu, 
having been found to be mildly stimulating, and Ihu nsefnl in treating nervous diseases. Suck 
baths are most r^ily prepared by means of liquid carbon dioxide. 
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SECTION XV 

INDUSTRIAL OZONE 

By Lieut, E. Jobung, A.R.C.Sc., B.Sc., F.C.S. 
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The importance of ozone, or triatomic oxygen, depends upon the extreme 
readiness with which it parts with its third atom of oxygen, particularly when in 
contact with oxidisable substances, to give ordinary or diatomic oxygen. Ozone 
is therefore an energetic oxidising agent, and as such has met with extensive 
industrial application— a circumstance which is to he attributed as much to the 
non-formation of any troublesome after-product as to the nascency of the liberated 
oxygen. 


Though always prepared and used in a very rarefied form, ozone may be condensed from the 
gas containing it as a deep blue liquid of B.P. -119'’ C. (the pure gas is itself blue), which is 
dang^ous to handle on account of its tendency to explosive decomfKisition. It has a characteristic 
odonr, perceptible even in extreme dilution with air(i part Ojin 1,000,000 air}. Gaseous ozone 
in die rarefied condition spontaneously decomposes, the rate of decomposition depending both on 
the temperatnre and the concentration. At 270* C. ozone cannot exist ; at ordinary temperatures, 
thoi^h, air charged with ozone is fairly stable. Like air and oxygen, ozone is almost insoluble 
in water. 


I. Thermal Method, — Since heat is absorbed by the formation of ozone 
from oxygen — 

3O3 = zOj - 59,000 cals,, 


it follows that increase of temperature is favourable to ozone formation, Nernst 
utilises this as the basis of a process in which a current of carefully dried air is 
brought into contact with an electrically-heated non-metallic body, e.g., a Nernst 
filamait _(D,R,P,, 195,985 of 1906), To minimise the decomposing effect of 
temperature upon the product, the velocity of the air must be such that it is 
only momentarily exposed to intense heat and is then suddenly cooled. The 
method, however, is not a practicable one owing to the low ozone concentration 
devdt^)^. The most productive thermal methc^ appears to be that of immernng 
a gl^mg Nernst filament into liquid oxygen (F. Fischer). 

VOl; li-i-io- 
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2 . Electrolytic Method.— If, in the electrolysis of aqueous liquids, the con- 
ditions are arranged for a very high current density at the anode, the oxygen 
liberated there is found to ^be ozonised. Sulphuric acid has been shown to be 
the best adapted for the purpose (Kremann). To obtain a good yield, as well 
as to prevent destruction of the anod^ the latter must be cooled, either by 
rotation or by means of 'internally flowing water Or salt solution (F. Fischer). The 
yield is further increased by partly enclosing the anodes with non-conducting 
material so as to leave only long thin lines, of the platinum or other metal 
exposed (F. Fischer). 

For the above electrolysis, direct current of course is employed, 'but in a new 
method for large scale ozone production recently described by Archibald and 
Wurtemberg, both direct and alternating current are employed in the electrolysis 
of dilute sulphuric acid. The alternating current is found to act as a depolariser, 
leading to highly increased yields of ozone. In one instance, the production of 
ozone was 300 times greater than with direct current only. The higher the 
frequency of the alternating current, the greater the yield of ozone. 

3. Photo -chemical Method. — Lenard discovered that air or oxygen is 
“activated” by ultra violet light. For the production of this light of very small 
wave-length, mercury vapour or Uriel lamps are employed, the lamp itself being 
entirely or in part of quartz, since quartz, unlike glass, is transparent to ultra- 
violet rays. Potter (American Patent, 845,965) takes advantage of these facts for the 
construction of an ozoniser in which a quartz mercury-vapour lamp is surrounded 
by a sheathing of ordinary glass, between which and the quartz of the lamp air 
is spirally conducted. 

4- Electrical Method.— For industrial purposes, the only practicable method 
of producing ozone is that of passing dry air through a chamber where it can be 
subjected to the influence of a silent high-tension electric discharge. 

It is not certain whether the production of ozone by silent discharge is funda 
mentally an electrolytic phenomenon, dependent upon the electric stress developed, 
or whether it is to be attributed to the ultra-violet rays developed. The latter is 
the more probable (Harries), in which case the preceding photo chemical method 
is only a modification of the present one and vice versa. 

In its simplest form the apparatus employed is the well-known Siemens ozone 
tube, comprising two concentric cylinders of glass connected to the poles of an 
induction coil, and between which passes a current' of air. Commercial ozonisers 
are constructed on the same principle, the diflferent systems being distinguished 
chiefly by the arrangement and material of the electrodes, and the presence or 
absence of a solid dielectric. 

The tension of the current employed depends upon the thickness of the dielectric 
(if any), the nature of the electrodes and their disposition, and varies between 10,000 
and 90,000 volts. The higher the tension, the greater the output of ozone, the 
latter being theoretically proportional to the potential difference. A high frequency, 
at least too alternations per second, is found necessary. 

A solid dielectric between the electrodes is now generally considered a more 
efficient arrangement than reliance only upon the air or oxygen passing between 
the plates, as it both increases the regularity of discharge, and diminishes the 
tendency to sparking. 

The cunent has a deozonising effect which increases with the concentration 
of the ozone. The concentration must therefore be kept low. There is a limit to 
which it may be pushed, but this maximum is far above the workable concentration 
level, since the energy then demanded is out of all proportion to that required at 
lower concentration. 

In most of the technical apparatus afterwards to be described, the concentration 
of ozone in grams per cubic metre of ozonised air amounts to an average of 
about two. At this concentration, 30-60 gr. of ozone per kilowatt-hour are pro- 
duced at a cost of }d. to id. For higher concentrations, implying a slower air 
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current, the yield is less, and vice versa. This efficiency of production is still far 
distant from that theoretically obtainable. 

Heat and humidity are unfavourable to the generation of ozone. The influence 
of the former in causing a reversion of the ozone to oxygen has already been 
remarked. To minimise it, the electrodes are cooled by any suitable means, 
though the ideal generator would naturally be that in which non-production of heat 
is attained rather than its elimination by cooling means. ' To prevent the very 
considerable loss which moisture introduces, the air delivered to an ozoniser is 
always first dried by contact with a hygroscopic solid or by refrigeration. Dust is 
undesirable, so that the incoming air is usually also filtered. 

Sparking in the discharge must be rigorously prevented, for it leads to the 
formation of oxides of nitrogen which are harmful to the apparatus, and usually 
detrimental to the quality of the ozonised air produced. 



The following include the most important of the ozonising plants now in 
vogue : — 

1. Siemens and Halske Process,— As shown in Fig. i, each ozone tube 
comprises a cylinder of glass surrounding a cylinder of aluminium, and six or eight 
of these elements are usually mounted, vertically or horizontally, in a metal case 
through which water flows for cooling purposes. The cylinders are connected to 
the A.C. mains, the glass cylinders being put to earth through the surrounding 
water and case to reduce the risk of shock. Air enters the lower chamber, passes 
through the ozone tubes, and is drawn off as ozonised air from the upper chamber. 
As viewed through a glass window, the discharge is seen to be blue, and to enable 
the attendant, therefore, to see at a glance whether the ozonisers are working 
properly, they are kept in a dark room. 

2. Otto System.— In the earlier form of this ozoniser (Fig. 2) one electrode 
consisted of a fixed iron cylinder, while the other comprised a large number ol 
aluminium discs arranged perpendicularly to a central axle of the cylinder. T^e 
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rotating discs were provided with two opposite segmental opening^, these of each 
disc being staggered with respect to adjacent discs, whereby any spark that was 
formed was drawn out and ruptured by the rotation of the discs. No dielectric 
was employed. 

In the latest form, however (see Fig. 3 ), glass is employed as a dielectric, ahd the 
ozoniser now consists of an outer casing in which are arranged a number of sheets 



Oione Air 

Fig. 2.— Otto System. Fig. 3.— Otto System. 

(Old Form.) (New Form.) 


of glass coated on alternate sides with tin-foil, each sheet being separated by a strip 
of insulating material so as to leave a space between for the passage of the air. 



Fig. 4. — De Vrisc System. 

Longitudinal SecUno. . Cross Section. 

3 . Tindal-de Vrise System.— No solid dielectric is here employed. Each 
ozoniser (Fig. 4 ) comprises a horizontal semicylindrical metallic trough, fitted, her- f 
metically wi3i a glass cover and provided externally with a water jacket. Semi-discs , 
of metal, having serrated edges, are suspended from the cover at short intervals and 
form one electrode. The metal trough ilfar^ed andforms the other electrode. To 
prevent lurking, a series of high liquid resistances, consisting of tubes filled with 
glycerine and water, are arranged in the circuit. The silent discharge takes place 
betf^n the semicircular high tension poles and the,, water-cooled inner surface .. 
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bf the trough, and between the poles the air to be ozonised is circulated. Five 
or six such cells are arranged in series. 

A similar ozoniser, due to Tindal, is shown Jn Fig. 5. The arrangement is 
self-explanatory from the diagram given. ’ 

4. Abrahatn-Marniier System. — In this ozoniser the discharge surfaces 
consist of glass plates whose outer surfaces are cooled by water circulating in the 



surrounding air-tight metal tank. Since the water serves as a conductor, being 
in contact with the high-tension poles, a high resistance, in the form of a number 
of water showers, is employed to prevent short-circuiting through the water (Fig. 6).' 

S. Vosmaer System.— Dielectrics are dispensed with in this system also. 
The ozoniser comprises a series of parallel tubes, each of which contains one flat 



and one saw-edged electrode held at a fixed distance apart by porcelain insulators. 
Sparking is suppressed by the insertion of a condenser c and induction coil l in the 
circuit (see Fig. 7). 

6. Howard-Bridge System.— The discharge space in this case is bounded 
by two concentric cylinders, the outer of glass lined with aluminium and the inner 



Fig. 8.— Howard-Bridge Ozoniser. 


of metal pierced by a large number of holes for the passage of the air. Concentra- 
tion of the dis'chaige is effected by raising the rims of the holes above the level of 
the inner cylinders (see Fig. 8). " 

7 . Gdrard System.— This ozoniser consists essentially of two concentric glass 
cylinders of about a metre in length, which thus form a double dielectric, whilst 
the electrodes are formed of metallic sheathings affixed to the outer surface of the 
outer, tube and td the :innee prface of the inner tube. Air. is passed down tl« 
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inner tubfe (see Fig. 9), rises between the dielectrics, and escapes charged with 
Ozone. Several, usually ten, of these elements are arranged vertically in a 
refrigerator consisting of a tank containing oil, and each element is surrounded by 
a wide cylinder of zinc, considered by the inventor both to increase the circulation 
of the oil, and, by acting as a condenser, to promote the formation of ozone. The 
advantage of ojj over water as a cooler lies in its insulating properties, for on 

the accidental breakage of a tube it pre- 
vents short-circuiting as it cuts the tube 
off from the remainder. 

8. Ozonair System.— In this ozon- 
iser a series of mica plates are mounted 
side by side in a case, each plate being 
covered on both sides by a sheet of alu- 
minium-alloy .gauze which serves as the 
electrodes. The air passes into the box 
and between the plates in a direction 
parallel with them. The use of gauze is 
claimed to promote the formation of a 
sparkless discharge, whilst the open ar- 
rangement of plates is said to be suffi- 
ciently preventive of heating without the 
aid of water cooling (see p. 155). 

Detection and Determination 
of Ozone 

Detection. — Ozone is most readily 
detected by the “blueing” of starch- 
potassium iodide paper. Unfortunately, 
however, other substances, e.g., nitrous 
oxides, chlorine, etc., produce the same 
effect. 

A more conclusive test is obtained by 
using a litmus or phenolphthalein paper 
moistened with neutral potassium iodide 
solution. Chlorine, nitrous acid, etc., if 
present, form the neutral salt, and there- 
fore give no reaction. Ammonia is the 
only likely substance to disturb the re- 
action, and this can be detected by the 
use of a separate litmus paper. Ozone 
oxidises the potassium iodide to caustic 
potash and turns the litmus blue. 

The most sensitive qualitative test is 
obtained by the use of the so-called 
“ tetramethyl-base ” paper, i.e., paper soaked in an alcoholic solution of tetramethyl- 
di-/-aminophenylmethane. The moist paper is turned violet by ozone, straw yellow 
by nitrous oxide, deep blue by chlorine or bromine, and is not affected by hydrogen 
peroxide (Clement, Ann., [4], 14, 334, 1902). 

Estimation. — The standard industrial method is that of absorption by neutral 
potassium iodide solution, and after acidifying, by titration in the usual way with 
sodium thiosulphate and starch. 

Satisfactory results have also been obtained by Ladenburg {B., 36, it;, 1903) 
for a method in which the ozone was passed into sodium hydrogen sulphite and 
then titrated. In either of the above cases if the presence of other oxidising agents 
is suspected, a duplicate estimation should be made after the gas has been heated 
above 270”, when the difference in the results gives the amount of ozone 
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For the separation from small .quantities of the usual impurity, namely, nitrous 
oxides, the gaseous mixture should be passed into liquid air when the ozone 
dissolves, whilst the nitrous oxides separate as blue flocks. On filtration and 
evaporation both constituents are determinable (Fischer and Marx, B., 39, 2556, 
1906). 


Application of Ozone 

Water Purification.— Ozone is known to exert a destructive action upon 
many of the micro-organisms found in water, particularly those which are deleterious 
to health, and in consequence of this, it has been utilised on a very large scale for ' 
purposes of water sterilisation. The method simply amounts to a cold combustion 
of the bacteria and organic matter present. 

The present methods of water purification* comprise ; — 

1. The use of antiseptic chemicals, usually chlorine or bromine in some 

form. 

2. Sand filtration. 

3. The employment of ultra-violet radiation. 

4. Ozonisation. 

Of these, sand filtration has long been relied upon, and is still employed for all 
ordinary waters. Treatment by chemicals has not foupd much favour industrially ; 
whilst purification by ultra-violet light, though making rapid strides, is still in its 
infancy. Further consideration of these methods cannot be undertaken here. 

Ozonisation finds its greatest usefulness in the purification of those waters, 
usually of superficial origin, which are more or less discoloured or contaminated. 
Its advantage lies in the fact that it leaves no objectionable residue, is non-toxic, 
its comparative insolubility prevents “over-dosing,” and it does not attack the 
usual dissolved salts which give taste to potable water. 

The salts of the alkalies and alkaline earths remain unattacked, as also do 
ferric salts, but ferrous and manganous salts are oxidised and precipitated. Organic 
matter is completely destroyed. To minimise the consumption of ozone, however, 
all organic and inorganic impurities must first be removed by mechanical or 
chemical means. 

A modern ozonising plant consists of (1) ozonisets, (2) sand filter, (3) ozonising 
towers, and (4) a reservoir for the purified water. The various ozonisers have 
already been described. It only remains to deal with the various types of 
ozonising towers employed. 

Since ozone is only very slightly soluble in water, satisfactory sterilisation is 
only obtained by the intimate contact of the two. This is accomplished in the 
following ways : — 

r. Surface Contact. — In the Siemens and Halske tower, which illustrates 
this type of apparatus and of which a diagram is shown in Fig. 10, the previously 
filtered water is allowed to trickle down one or more towers filled with stones 
or gravel, while at the same time a current of ozonised air is forced through the 
tower in the opposite direction. The ozone not absorbed is returned to the 
ozoniser. 

The Abraham-Marraier tower is of the same type. 

This system is being replaced by a system which employs 

2. Emulsification.— Otto’s apparatus is the most important in this connection 
and constitutes a kind of injector in which the filtered water is forced into a small 
chamber provided with holes through which ozonised air is sucked in and churned 
into the water (Fig. ir). To complete the mixing action the apparatus terminates 
in a long piece of piping, 15 ft. or so in length, whereby the ozonised air is more 
readily absorbed by the water by being subjected to the increased pressure of the 
lower part— a method known as “ self-contact.” 


* See p. 169. 
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Another form of ozonising apparatus, in which the ozonised air is sucked in 
by the flow of the water, is that of the Howard-Bridge sj’stem, shoMi in Figria. 
In travelling through the first U tube, partially used ozonised air is drawn in 
the pipe a, the ozone absorbed leaving the air to escape through a hole eX b. 



Flc. 10.— Siemens and Halsite Towerfor Ozone Treatment of Water. 


Fresh ozonised air is then sucked in from the ozoniser c, and accompanies the water 
along the second U-tube round the baffle plates and escapes into the reservoir. Any 



Fig. 12.— HowanJ-Bridge System for Treatment 
of Water. 


Fig. II.— Otto’s Ap- 
raratns for Ozone 
TiealBent of Water. 

unnkfid ozcBiised air collects in the chamber d and is drawn back into the incoming 
water through the pipe a. This method effects considerable economy, for no 

J vei'is required to compress the ozonised air into the steriliser. Incidentally 
removes all difficulties connected with ozonised air pumps due to the lubricant: 
j^jdqg’ wpacked by the ozont^ for ttepumpg are dispens^' with. 
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3. Injection. — Yet a third, method is illustrated by the Siemens-de Vrise 
ozonising tower (Fig. 13). The towers are of iron, internally enamelled, and are 
divided into compartments by perforated lateral partitions of celluloid. The 
ozonised air is forced into the tower at the bottom, along with the water to be 
sterilised, and the ascending bubbles, by contact with the partitions, are suitably, 
broken up for absorption of the ozone. By r^ulation of the speed of the water 
as it passes up the tower, the lime of contact of the ozone with the water can be 
readily controlled. 

The Vosmaer, Gerard, and Tindal towers are of the same type. 



In the Ozonair type of apparatus the above three methods are combined in 
Order to ensure satisfactory contact. The water is first -atomised in the presence 
of ozonised air in the upper portion of the apparatus, and the particles of water 
are ften allowed to fall upon a pile of glass spheres packed in a tower, where they 
meet an ascending stream of ozone. At the bottom of the tower the water falls 
into a tank, through which ozonised air is blown from nozzles arranged beneath 
the surface of the wfter, the last process being continued for any desired period. 

In the case of all the ozonising towers above-mentioned, the ozonised .wa^r 
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is discharged on to the top of a series of steps, down which it cascades into the 
storage tank and, by contact with the atmosphere, gives up its excess of ozone. 

Recently, small ozonisers for domestic purposes have been placed upon the 
market. They are designed to fit on the ordinary water main, and are operated 
from the house supply, the ozonisers only functioning when the tap is turned on. 

As to the amount of ozone required for complete sterilisation in water purifica- 
tion plant, it is not possible to ^ay precisely. The amount varies with the water 
under consideration, and should be made the Ihbject of preliminary research in 
each case. The average amount of ozone supplied in grams per cubic metre of 
water is about z, though it may sink to | or rise to 8. The concentration of ozone 
in the ozonised air delivered from the ozoniser also lies in the neighbourhood of 
2 g. per cubic metre, so that it may be stated broadly that a bulk of ozonised air 
equal to that of water to be purified is required. The cost of working, in the case 
of large installations, runs to about |d. per i,ooo galls, of water treated. 

On the Continent, water purification by ozonisation is largely practised, installa- 
tions having been erected at Petrograd, Paris, Florence, Nice, and other large 
towns. The systems employed are usually the Siemens and Halske, de Vrise or 
Otto systems, or combinations of these. In England, the Ozonair apparatus has 
the widest application, but so far has not been adopted by any large public 
authority owing to the satisfactory purity of the water supply of most large 
English towns. The Vosmaer and Howard-Bridge systems are American in 
origin, and find their chief application in Canada and United States of America. 

Air Purification. — The unpleasant effect of the air of crowded rooms is 
not due at all to an excess of carbon dioxide, but to the noxious organic exhalations 
which are given off from the skin and lungs of the people present. The introduction 
of ozone into such rooms is found to remove the source of the bad effects by 
oxidising these organic impurities, whilst if, in addition, a small excess of ozone be 
admitted, the air is rendered pleasant and invigorating. Bacteria, however, can 
hardly be removed, for this would demand a concentration of ozone which the 
human organism could not tolerate ; but, if the incoming air be subjected to the 
influence of ozone, at least partial sterilisation can be effected. The costly 
complications introduced into heating arrangements by the necessity for hygienic 
ventilation are removed to a large extent by the use of an ozonising apparatus, which 
renders even the atmosphere of a closed room wholesome for a considerable time 
(see, however, yewT-zf. Ind. and Eng. Chem., 5, 882 [1913]). 

An air-purification plant usually comprises a filter screen through which the 
air is drawn and a mixing chamter into which ozone is introduced from the 
ozoniser to partially sterilise the air, and at the same time enrich it with a minute 
quantity of ozone (one part ozone to one million parts of air). From this chamber 
the air is distributed to the various parts of the building, etc., to be ventilated 
Such installations have been erected by Ozonair Ltd. in England and by 
Siemens & Halske in Germany, for the ventilation of large public buildings, 
factories, hospitals, etc. The method is abo found to be particularly useful for 
sterilising the atmosphere of slaughter-houses and warehouses in which food of all 
descriptions is stored. 

One of the tube railways in London, the Central London Railway, has recently 
been equipped with an ozonising installation (Fig. 14). The supply of fresh air is drawn 
from the outside through a filter f consisting of a gauze screen, where it is washed 
by atomised water, and its temperature somewhat reduced. A small proportion 
of the air is dried and passed into the ozoniser o, whence it is drawn into the 
mixing chamber m where it meets the remainder of the still moist air, and the 
whole is then passed on by ducts a to various parts of the tube, c shows the 
converter, t the transformer, and e the electric motor for driving the fan. 

For household purposes, small portable ozonisers, comprising a transformer, 
motor, fan, and ozoniser, are upon the market. 

Miscelianeovs Applications. — In the brewing industJy, the introduction 
of ozonised air into the fermenting chambers is found to have an invigorating effect 
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upon the yeast, probably by reducing the number of bacterial and other organisms 
which prey upon it. Ozone is also employed with advantage in the sterilisation 
of casksL.pipes, etc., and during bottling of the beer. 

Ozone is employed, too, in the comtnercial manufacture of vanillin from iso- 
eugenol, and in the production of artificial camphor. 

Its bleaching properties have found application in several directions, such as 
the decolorising of oils and fats, sugar, etc., and in the bleaching of delicate fabrics. 



F ig. 14. — Ozonising Installation for Air Treatment of the Central London Railway. 


It has been utilised, in addition, for the bleaching of flour, but the effect is now 
found to be produced by the oxides of nitrogen or hydrogen peroxide present and 
not by the ozone. 

In the seasoning of timber, leather, tobacco, tea, etc., as also in the maturing of 
spirits, ozone finds useful application. 

Acknowledment. —The author desitei to express thanks to Messrs Ozonair Ltd. for per- 
mission to reproduce Fig. 14 from one of the several booklets on the subject which they ate willing 
to supply. 
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INTRODUCTION 

Natural waters may be distinguished as rain water, spring and well waters, brook 
and river, pond, lake, and sea waters. These various waters are so diverse in 
character, and must be subjected to so many different processes before acquiring 
eoonomic value, that for simplicity the subject will be treated under three mam 
headings, viz, ; — drinking water, feed^water for boilers and other technical purposes, 
and effluents including sewage disposal.- ' 

Chemically pure water is unknown in nature, although ram water, after a 
steady downpour, approaches the ideal most nearly. Rain carries down dust 
particlo from which minute amounts of mineral constituents are extracted, while 
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certain dissolved gases (nitrogen, oxygen, carbon dioxide, ammonia, nitrous and' 
nitric acids) are usually present. In the neighbourhood of manufacturing towns, 
sulphuric and sulphurous acids are of frequent occurrence. 

Fog is directly due to dust paftides, since air filtered through cotton wool has no tendency 
towards fog formation, and in Berlin there are strict relations against atmospheric pollution by 
chimneys for the prevention of fog. 

Rain Water has been the subject of exhaustive researches at Rothamsted 
since iS$2, and N. H. J. Miller has collected these observations together in 
an important communication (see Journ. Agric. Six., 1905, p. 280). The following 
is the average composition : NHj 0.440, + N2O3) 0.183, Cl 2.2, SOs 2.6 mg. 

per litre. The annual variation of the separate constituents depends very 
probably on the rain distribution. A clear difference in chlorine content was 
shown between the rainfall in summer and winter (1:2. 3). 

According to Schone, hydrogen peroxide is a regular constituent of rainfall {B., 26 , 3011; 

1^33)3 while Taufmann states that rain is always radio-active. Micro-organisms and their spores 
are also ^ways present. 

Ground Waters, which have had prolonged contact with mineral sources, 
contain dissolved substances in amounts varying between wide limits, which 
owe their presence mainly to the dissolved carbon dioxide in the water 
derived from the soil and air. All spring water, therefore, contains calcium 
and jnagnesium salts usually as bicarbonates, since the carbonates themselves 
are insoluble and are convelled by the carbonic acid water into the former; 
smaller amounts of these metals are also usually present as sulphates. Sodium 
and potassium salts may similarly be in solution as sulphates, chlorides and 
silicates. Waters containing a certain amount of inorganic impurity are termed 
hard, and the process resorted to for their purification is called “ water-softening.” 

The quantity of organic matter present in a purely natural water is usually very small compared 
with that of the mineral constituents, since in the upper earth layers, which are porous and filled with 
air, ready oxidation takes place. Water passing through peaty and turfy layers is characterised by 
its high organic content and by the presence of iron as vegetable acid compound, bicarbonate, 
or phosphate, such water having a peaty smell, an acid taste, and frequently reacting acidic to 
litmus. 

Spring Waters which contain large amounts of dissolved substances, or . 
possessing a higher temperature than their environment, are known as natural 
mineral waters. Very many springs are radio-active, generally containing dissolved 
radium emanation, and, in spite of the gaseous tendency of the latter, thermal 
springs are generally more active than cold. The medical effect of such springs 
may probably be bound up with the expulsion of this emanation. 

River Water as a rule is softer than spring water, since aeration promotes 
liberation of carbon dioxide with consequent decomposition of the bicarbonates 
and precipitation of the almost insoluble normal carbonates. According to the 
rate of flow depends the amount of suspended matters, such as fine particles of 
clay, mica, quartz, animal and vegetable substances, etc., which are carried along. 

In general, rivers have the maximum dissolved content at low water (».«., in summer) 
and the mioimutn of suspended matter. They tend to purify themselves, but for 
this purpose require a longer course than obtains with the majority of English 
rivers. 

The factors bringing about self-pnrificatioa ate as follows 

1. Evaporation, which affects alt the succeeding influences, and by which ammonia is lost. 

2. Sedimentation, which in sluggish rivers gets rid of suspended matter and also bacteria. 

3. Eight and electricity, which, according to H. Buchner destroy bacteria up to a depth of two 

metres. In this connection ultra-violet light also destroys germs (see later), while the formation 
of f^drogen peroxide has been observed. #. 

4. Purely chemical decompositions, which are ^erally brought about by factory effluents, 
these neutralising free d^ds rqid alkalies; heavy metals are precipitated by the carbonates and 
bicarbonates of the river irater, <,g,, MgCh from potash salt deposits can bring about manifold 
transformations. 

j. Direct oxidatiOl, whereby sulphuretted hydrogen, sulphides, and ferrous salts are removed 
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Whether oxidation of the carbon-nitrogen compounds takes place without the aid of micro-organisms 
has not yet been established. * 

6. EUochemical and purely biological processes. These play a profound part in the self- 
purification of rivers. 

The other sources of natural waters fall outside the scope of this article. 

The purification of natural waters depends upon their character, the object 
for which they are required, for drinking, trade, boiler feed, or agricultural 
purposes, and the quantity to be delivered. 

DRINKING WATER 

Pure water is unsuitable for drinking purposes owing to its stale flavour and 
smell, the palatable qualities being due to the presence of small quantities of salts, 
especially sodium chloride and bicarbonate of soda. 

Accordingly rain water is generally rejected as a drinking water, either on account of its insipid 
taste if pure, or its liability to contamination, and when necessity compels its use the collecting 
surfaces and storage vessels should be kept as clean as possible. 

The best drinking water is furnished by hilly and mountainous districts, where 
the small running brooks are richly charged with air which oxidises organic maiter, 
and thereby promotes its removal. 

The value of this kind of water is testified to by the ancient aqueducts which often conveyed 
water for miles from hilly districts. 

A very usual source of supply is ground water, of which spring water 
constitutes the best variety, being safer than that from wells. Both spring and 
well water must be preserved against possible contamination, either by extraneous 
introduction or by inefficient earth filtration from cesspools, sewers, etc. 

In the vicinity of a densely populated district, a well water will seldom comply with these 
conditfons. Artesian Wells supply very good drinking water if drawn from a sufficient depth and 
from a good substratum, since the water is almost bacteria-free, owing to the earth filtration, and 
requires no further purification. 

Drinking water should be clear, colourless, or nearly so, and of a pleasant taste. 
Unfiltered, stagnant, or surface water is unsuitable for drinking or domestic 
purposes, since the danger of infecting impurities is ever present. 

A serviceable water supply, free from hygienic objections, should not be subject to large tempera- 
ture fluctuations, while there should be an absence of organic matter in large quantity and of 
chlorides, sulphates, carbonates, nitrates, and nitrites, especldly of the alkalies and alkaline earths, 
in the neightourhood. A litre of drinking water should not give a residue exceeding 500 mg, on 
evaporation, and if the amount is greater, then the geolr^cal nature of the district requires 
inspection. 

Large fluctuations in composition and sudden turbidity are indications of the 
presence of infection, danger, or of unpalatable impurities. Water otherwise 
dangerous may, however, be purified by suitable filtration, and many towns are 
compelled to use filtered river water, London, Altona. 

' Humus substances impart to the water a yellowish or yellowish-brownish shade which is 
permanent on standing, in contrast to turbidity caused by suspended impurities which disappears, 
either whole or part, on settling. Clay causes a yellowish or ^eenish coloration, ferric hydroxide 
precipitated hy air a leddish-brown, calcium carbonate a wtiitc, and metallic sulphides, such as 
those of iron or lead, a black colour. Very finely suspended matter may pass through good filter 
paper. Recently collected spring or well water almost always shows a weakly acid reaction, due 
to presence of free carbonic acid. 

The hygienic valuation of water is based upon data obtained from an examina- 
tion of the supply conditions and results of physical, chemical, microscopic, 
and Wteriological examinations. A thorough geological survey of the gathering 
ground must be made. The cause of any turbidity must be closely .investigated, 
and if due to finely divided, clay or other mineral debris it is not injurious to health, 
although Unpalatable ; should, however, the cause be introduced impurity, then th» 
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water s^ftds coniSnnD^ for drinkiiig'di’ doriiestlcpurpi^es .as a pro^tble source of. 
infection. An unpleasant smell or ^e iuitis own test,- wtiile poverty in bicarbonates. 
or free carbon dioxide, though notj; unwholesome, diminishes freshness. Water is‘ 
unpalatable above is’C.j and at the other limit ice-cold water may be injurious. 

While soft wattr is requb^ by most industries, a medium hardness of 
i 8“-25“ is most suitable for drinking purposes. 

Abnormal haidn^ often indicate! the decay of organic matter in the soil, whereby carbonic 
and nitric acids are formed which contribute considerably tp the soivtnt action. 

Chforine should only occur in drinking water to the extent of a few milligtams 
per litre, and should a much larger quantity be detected, contamination by urine 
or domestic refuse is at once suspected. 

Common salt, however, is occasionally added to well water in considerable quantities to 
improve it. 

Usually the sulphuric acid content is small, but nitric acid when present 
is under suspicion, since it is the final oxidation product of nitrogenous organic ' 
matter. | 

' A larger amount than 10-12 mg. per litre should not be passed, especially if the normal water 
of the district be nitrate-free. 

va. 

If I mg. oi*more per litre of ammonia or nitrous acid be present, ptillution 
by decaying nitrogenous matter is indicated, and therefore possible infection, 
although here the local circumstances should be examined as considerable 
quantities of ammonia may be present from|ion-poIIuted sources. 

The oxygen consumption value of pure spring water seldom amounts to 
more than i c.c. of N/ioo KMnO^ solution, and if pure well water to 1-2 c.c. per 
litre, so that rapid absorption of permanganate is an exceedingly unfavourable 
indication. 

Here, however, a water may only be rejectdd for drinking or domestic purpo^s U nitrogenous 
organic matter is also present as shown by the determination of the ubumiiioid or proteid 
ammonia. 4 

Albuminoid Ammonia is the name given to that evolved when a measured 
sample of water is distilled with a strongly alkaline KMnO^ solution, and gives an 
idea of the amount of nitrogenous organic matter present. In a simpler manner, 
oxidation by potassium persulphate in acid solution, and determination of ammonia 
colorimetrically, thus avoiding a distillation, gives the proteid ammonia. ’ . 


These determinatkins do not, however, permit of*the absolute amount of nitrogenous oiganic 
matter present being calculated, but serve as a guide to the proportions of these substances. These 
two are among the mutt important chemical methods or examination, sinra extremely minute 
traces of substance of animal origin present can be detected with certainty by the proteid 
ammonia test. ^ 

Ammonia and nitrous acid are not only present in rain water, but are formed 
by the reducing action of micro:Organisms on nitrates j if, however, more than 
traces of albuminoid or proteid ammonia are found, decaying or unchanged nitro- 
genous organic matter i» certainly present^ and a|auMt sure to be of animal origin. * 


While the determination of nlbaniinaid ammonia requires scrupulous cart for reliable resolta, 
that of proteid ammwiia is easy and gives the following criteria : pure natual water contains no 
proteid ammonia, and therefore any quantity present may be considered an index of the amount 
of mtrt^enous matter to hand. When mote than 0.1 mg. pet litre occni^ the water is 
40 criticism from a hygienic standpoint, while 0.2 tng. per litre ia the maximum allowed, site 
same conclusions may be applied to the albuminoid ammonia. If reducug power be con^eiiblg 
in thi sibtence ofnlbuminm or proteid ammonia, either organic mattei Of vegetable origin Only 
is present, ox tbe-decay of orgai^ animal matter has reached its limit, and the water has expen- 
encd a certxiri degree of self-purification. * , ' i. 

PhostAuArie Acid being only present ib "traces in pure natural waters, ufy 
appt^g^C^nanti^ indicates polt^oi^ since the excrements of men and animals" 
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Lead is always injurious, and water containing more than i ifig. and over per 
litre must be described as poisonous. 

Water comparatively rich in bacteria must be avoided whenever possible, and 
those with abundance should be condemned. 

Lunge states tliat since the absolute number of bacterk in water varies so much, serious mistakes 
may be committed if the water he judged on this alone. Counting the bacteria is chiefly employed 
for controlling the efficiency of purifying plant, filter beds» etc, * 

PURIFICATION METHODS FOR DRINKING ‘An6 
DOMESTIC WATER 

For the purification of drinking and domestic water, sedimentation in large 
reservoirs followed by filtration is the most usual method. During the settling 
process there is an almost complete removal of suspended mineral matters, and 
with them a large proportion of living organisms, while oxidation of the disspived 
organic matter takes place ; unfortunately, the deposited bacteria continue to live 
and multiply in the muddy sediment, unless this is removed at frequent intervals, 
thereby necessitating regular periods for cleansing with additional reservoirs for 
the maintenance of the service. 

In this connection deep well waters are not improved by storage, but are better delivered as 
pumped provided they are clear, which is almost always the case after the well has been worked for 
some time. Since pathogenic and other bacteria multiply in these waters with great rapidity, they 
should be kept in closed reservoirs when storage is absolutely necessary, as in the caSe of the Kent 
Co. at Deptford. , 

For small house filters the usual filtering media are kieselguhr, asbestos, 
porous earthenware plates, spongy iron, coal, etc., while Birkeland has used 
kieselguhr for large quantities. 

On the large scale the slow sand filtration process is still the most 
complete method for purifying surface water^and offers the greatest security for 
retaining infectious germs. The general construction has not altered much of 
late years, and whether open or closed depends on the local frost conditions. 

Every filter must be constructed with regard to the rate of pas.sage, over-pressure, and condition 
of the filtrate. The velocity of filtration should be uniform and secured against sudden fluctuations 
and interruptions. The pressure must not be great enough to break the upper slimy layer which 
forms on the surface of the filter, and the limits must he determined by bacteriological control, while 
the thickness of the sand layer must be at least so considerable that on cleansing its elficiency remains 
unimpaired. 

The action of the sand filter depends on the formation of a slimy layer com- 
posed of finely divided clay, algs, eta, in which the main pujyfication of the water 
takes place. Here a felted mass of bacilli and streptococci are entangled in a 
gelatinous layer of the zoogloea colonies of micrococci together with the algse, and 
a sand filter cannot attain its maximum efficiency until this jelly layer has been 
produced. When once formed, however, the purification proceeds by the action of 
the nitrifying organisms immediately below this film. 

In time the filter becomes clogged and it is necessary to skim off’the surface layer and prepare 
a fresh coating of sand ; the filter then requires several days before again resuming its activity. In 
America where considerable progress has been made in waier technology, sand purification apparatus 
are installed on the filter itself. If a filter be allow^ to act for too long a period, a gradual growth 
of the sutfece bacteria through the filter bed ensues, and, the efliuent thereby becoming contaminated, 
necessitates the complete renewal of the whole filter b^. At Hamburg and Berlin, where Koch’s 
limits are adopted, no water is allowed to pass through a filter at a speed exceeding too ram. (about 
4 in. ) per hour. The London filter beds usually consist of a layer of sand 2-44 ft. in thickness, with 
gravel and stones below. The daily rate of filtration should not be more than 2 million galls, per 
acre. The sand filter cannot be relied upon to remain unfroxen in America, and the Morison-Jewell 
Filter Co. of New York use a film of gelatinous alumina for the slimy oiganic film of ordinary sand 
filtration. 

The disadvantages of sand filtration are ; the large space involved, the frequerit 
cleansing,^ad the slow action. 

VOt, II 
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~ Recently a Ui^ number of improvements have been mad^ and quick 
Mechanical filters have been introduced for dealing with the water after it has 
first been sedimented for removal of the coarser suspended matters. It is also 
frequently necessarj; to assist the settlement of the fine particles by means of 
addition of sulphate of alumina, iron, salts, liare, etc'. / ' 

- _ • fT 

The characteristics these Alters are the 40-50 times filtration velocity of the sand ^oceK,. 4 lie 
small extent of filter surface, and the purification ^ the whole filter material in the chamber by means^ 
of mechanical equipment. The material of die filter tanks is almost exclusively a uniformly 
quartz sand, >vmch is packed vertically in relatively small cylindrical tanks of wood, iron, m 
concrete. 

The filters are constructed in two systems, an open gravity and a closed 
pressure type. Innumerable patents have been taken out for quick filters, the 
following being descriptions of Reisert’s patents, as supplied by Messrs Royles 



Fig. r. — Reisert's Rapid Filter in operation (vertical section). 
( Mestrs RejUt Ltd., near Manchester . ) 


Ltd., of Irlam, near Manchester, for whose kind permission to publish the author 
here returns his hearty thanks. 

A description will no|r follow an air<leansed type of a Reisert’s rapid 
filter, specially suitable for drinlmg water and water for manufacturing purposes 
in large quantities. 


Since the Bltration d water is in itself a common operatum, the superiority ST one filter natem 

J J 1 — , ^ (1,, of filtradpD and the method of washing out the filter 

eiseit Patent Filter Ao he used for this purpose, an impiHta&t' 
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^ deliver^ by tbe filter daring all states of the hlter bed from the moment of cleansing to the time 
for cleaning out. 

The cleansing is also carried out in the shortest possible time and with the smallest amount 
of washing water. The usual method of washing out fillers of this type is by some mechanical 
sd^nstng device intended to disturb the top layer of the filtering material, and which takes place 
simtdtaneously with the reversal of the flow of the water through the filten^ This is a relatively slow 
process, and the filter bed by such an arrangem^t is never thoroughly cleaned. In the Reisert patent 
the cleansing is effected by a strong back wash operation, rousing up the w^ole filter bed, and to , 
efi^t this promptly and in the most thorough manner use is made of compressed air by which a 
large volume of water is forced backwards through tl^ filter bed. Usually not more than twenty 
seconds are required by this cleansing method, and the filler bed settles down, again delivering 
absolutely pure water. It would be impossible to effect this thorough cleansing by any of the 
ordinary waidi-out operations owing to the excesavely large pipe sections and valves required, but 
by using compressed air for the purpose of forcing the water through the filter bed, a very small 
ratio of air pipe section suffices as compared with the water pipe section necessary to supply the 
same quantity of water under ordinary conditions. 



Fig. 2.— Reisert’s Rapid Filler during washing-out process. 
{Messrs Reyles Ltd., Irlam, near Manchester.) 


figs. I and 2 show in vertical section a filter element resting" on a concrete 
foundation, viz., Fig. i in operation, and Fig. z during the washing out. 

Fig. I— Filter in Operation.— The filtering medium t of fine granulated 
quartz rests in a cylindric^ holder on a filter floor Q, consisting of perforated zinc, 
and bronze wire cloth laid between. The crude water flows through the valve a, 
and the throttle valve i, into the annular space formed by the slanting zinc sheets 
M and N fromjrhence it flows even on to the filtering material without dis- 
turbing its upper portion. After the crude water has penetrated through, the 
Jtoate passes into the pure water cistern r, through the annular space created 
between the cylinders c and d, from’ whence it flows out through the bend b and 
Ae regulator e. 

' IFig. 2 — Washing out of the Filter.— The patented regulator e is arranged 
ibr the desir^ capacity, so that the filter sp^ remains constantly equal from Ae 
.COOitnencement after the washing out, until the maxjmqm amount of mud has 
iSCciimulat^. This regulation is extremely important for obtaining the most satis- 
flctory results. The .float 6 placed above the filter bed regulates nobpnly the 
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crude water feed by means of the throttle valve i, according to the capacity 
arranged by the regulator e, but it also closes the regulator e by the corresponding 
motion of the rods H and w, so that the water surface can never sink lower than 
the filter top layer. 

The vacuum meter x indicates the degree of resistance of the filtering material. 
If such an amount of mud has been accumulated that, in spite of the now quite 
opened regulator, the filter pressure is no longer sufficient for the capacity, then it 
is time for washing out the filter. 

To effect this the throttle valve 1 for the crude water feed and the regulator E are closed by 
means of the screw spindle placed above the lever H, which moves downwards the throttle valve 
rod V and the regulator rod w, after which is opened the air valve L, which is in connection with 
an air chamber. The inflowing air presses the pure water in the cistern R in the directions of the 
arrows, and drives it with great rapidity through the filler material from bottom to top. The water 
’ draws with it all the mud and plunges through the cylinder c into the chamber z, whence the 
muddy water flows out through the outlet s. At first the whole filtering material lifts up and then 
falls back through the pure washing water streaming up towards it, thereby freed from all the mud. 
This process lasts about twenty seconds. Through the letting in of greater or lesser quantities of 
air, it can be arranged to use any desired amount of washing water. If no other arrangement is 
made, the amount of air as a rule depends on the amount of pressure in the air chamber, which is 



Fig. 3# — Royle’s Gravity Filter in operation. 


readable on a manometer. After the closing of the air valve, and the slow opening of the throttle 
valve and the r^ulalor, the filter again comes into operation. The air escapes gradually through 
the small valve k, whereby the pure water chamber slowly fills again. During the filtering period 
the attendant mustre fill the air chamber, which is sufficient fot a battery of any number of filters 
up to twenty filter elements. « 

Messrs Royles also make an air-cleansed type of gravity and pressure filter 
for the clear filtering of muddy or turbid river or canal water for bleaching, dyeing, 
wool scouring, milling ; also for silk manufacturers, cotton spinners, cellulose and 
paper mills, sugar and starch works, and all industrial purposes. 

The filter consists of an open or closed cylindrical vessel (Figs. 3 and 4), in 
which perforated plates support the filtering material, which consists of fine gravel. 
Tig. 3 shows the apparatus when working, and Fig. 4 during the cleansing operation. 
Jhe crude, muddy, or dirty water enters at a, passes through the gravel from top 
To bottom, and is discharged crystal clear at b. When the filter is very dirty, so 
That a perceptible falling off in duty is to be noticed, it is time that the gravel was 
cleaned. 

For this paipose the supply ii shut off at A, the mud outlet opened, and in the case of a closed 
filler, the air-cock. The steam valve D is opened, putting the air injector L into operation, and 
u^^aneoosly the valve c. iiThe compressed air is evenl)^ distributed by perforated pipes over the 
the underside of the filtering material. The air forces its way up through the gravel, 
;jrhl^ IS violently agitated, and by allowing the clear water to flow backwards through the filtering 
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material in an opposite direction to that taken when filtering, a most effective and efficient cleansing 
is obtained. There exists no possibility of the filter being only partially cleaned (unlike “ rake ” 
arrangements which require power, and plough channels in the gravel, only affecting such parts), 
the whole being stirred and agitated from the iMttom with equal violence over the whole area. The 
mud is thoroughly loosened and carried away by the backward flowing water to waste. Ait 
escapes by the air valve on the top of covet in pressure filters. The air is forced under the filter 



Kki. 4. — Royle’s Gravity Filter, deansing operation. 


for two or three minutes, the steam supply shut off, while ^ill allowing the water to flow 
backwards. As soon as the cleansing water discharging by the mud outlet is clearer, the clean 
water supply is shut off. The air-cock and mud outlet are closed and the supply valve A opened, 



thus making the filter ready for further use. The cleansing occupies about five minutes, and should 
be done once per day. 

The capacity of the filter is naturally dependent on the original condition of 
the crude water. Should it not by ordinary simple filtration be possible to fitter 
the water clear enough, or should it be necessary to remove any colour, then a 
medium must be employed whereby the infinitesimal small particles are made 
capable of being arrested, i.e., filterable. The means of obtaining in all cases a 
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perfect^ clears colourless filtrate cannot be giv^ haphazard, they being dependent 
on the condition of the crude water and the purpose it has to fulfil, as also the 
choice of filter to be adopted. 

The high pressure type of filter is constructed for pressures exceeding 
30 lbs. per square inch, up to any working pressure required. It is constructed of 
mild steel shell of suitable design to withstand the delivery head (see Fig. 5). 

This type of Alter is designed where the filtered mter requires to be elevated to a considerable 
height without double pumpii^. It is also suitable for worlcing for considerable periods before 
flushing. By this means the suspended matter collects on the top of the filter bed and provides 
an extremely fine filtering medium, giving most excellent results and perfect clearness of the 
water. As the deposit accumulates the pressure rbcs, and when this reaches the safe working . 
pressure the filter is shut off and cleaned similar to the open type filter described previously. 

The construction of the filter is as follows : At the bottom of the filter perforated copper tubes 
arc arranged, of uniform pitch, over the entire surface. These are secured to a cast-iron header 
having suitably tapped holes for the reception of the tubes. At the top of the cast-iron header a 
series of nozzles are arranged so as to agitate thoroughly the centre of the filter when cleaning, 
The perforated copper tubes arc bedded down on suitable supports fixed on a concrete bed. 
Coarse spar is placed on the perforated tubes, covering these to a depth of a few inches, and on 
the top of this fine granulated quartz is placed about 2 ft. 6 in. deep. The crude water enters at 
the side of the casing near the top, and is distributed over the filler bed by a conical cast-iron 
spreader. A copper gauze gravel-catcher is fitted on the top of this, so as to prevent any of the 
quartz passing over when cleaning. After passing through the filtering material the water enters 
the perforate copper tubes and flows as perfectly clear water »to the outlet. Steam and air 
injectors, also flush water valves, are provided for thoroughly cleaning out. Messrs Rcyles slate that 
over 4,500 are in actual use, giving entire satisfaction. 

Two methods much in use for the purification of. drinking water are dis- 
tillation and sterilisation by heating. Since distilled water attacks almost all 
metals except silver, gold, and platinum, Bohemian glass is chiefly used for 
laboratory distillation purposes. A single boiling is sufficient to free the water from 
disease-carrying organisms, and several forms of apparatus have been designed to 
deliver large volumes of water sterilised, but these are obviously inapplicable for a 
town's supply, and so other methods of sterilisation will be considered. Such fdl 
into two main classes, according as to whether the action is chemical or physical. 

CHEMICAL METHODS OF STERILISATION 

These may be divided into three classes, viz. : — 

1. Those which bring about a chemical precipitation. 

2. Such additions as bring about the oxidation of organic substances, and 
simultaneously their disinfection. 

3. Such additions as destroy bacteria, algs, etc., or inhibit their growth. 

I. PURIFICATION BY CHEMICAL PRECIPITATION 

The chemicals chiefly used are the salts of aluminium, iron, and copper, 
calcium carbonate with and without b'meor sodium bicarbonate, lime alone, 
and also sodium chloride. The action consists in the direct precipitation of the 
dissolved substances, also in the separation of such suspended particles as are 
difficult to remove by sedimentation or filtration, such as clays, colloids, bacteria, etc 
Indirect precipitation is frequently employed, whereby two compounds are caused 
to interact, producing an insoluble third which carries down the imparities in 
a flocculent precipitate. These methods, in combination wth quick filtration, have 
been largely used for the purification of surface waters, particularly in America. 

The choi« of the predpitaling material depends on the nature of the water, atulalso on the 
market price ^ chemicals, Alnminium and iron salts are particularly efBdient for produdag 
flocculent precipitates. To avoid nsing potassiuin sulphate, t.g., in alum, artificial aluthiidam 
sulphate, guatante^ arsenic free, is employed. Excess of sniphnne acid in very soft waters mod be 
neutralised by sodium biembonate or lime. Iron salts, e.g,, ferric chloride, were earlier lecoin- 
mended, unth addition of iims or sodium bicarboiuUej but here the two solutions must be wei^ied 
out accu^lyi otherwise the water may contain too mneh dissolved iron or acquire an alkaline lade 
by excesranidL In Anderson’s process dw watier is placed in a revolving purifier which coatiiae 
numerott^^M ineces of iron, afterwardslbcing d^tded and filtered. 
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In this connection space might be devoted to the excess lime method for 
sterilisation of water, concerning which Dr Houston’s reports to the 
Metropolitan Water Board are extremely interesting. Dr Houston formerly 
recommended storage as a method of rendering London Thames water safe, 
since pathogenic organisms commonly disappear in water when kept, but 
storage must not be less than two weeks, and might, with advantage, be one 
or two months. Later, he reports that despite the remarkable improvement 
effected by storage, it seems unwise to trade too greatly on the circumstance if 
any practical remedy, even of a partial kind, is available. He finds that quicklime 
(about 75 per cent. CaO) added to raw Thames water in the proportion of 
one part quicklime to 5,000 parts water kills B. colt in five to twenty-four hours, 
and proceeds to carry this method out on a large scale. 

. Iirhis eighth report of Febt 1912, he records turther experiments on qaichlime as a steriliser for 
water, and summarises its disadvantages and advantages with a strong balance in favour of the 
latter. He states that “its complete fulfilment would raise the purity of the Metropolitan water 
supply to a pitch of perfection never before attained by any waterworks authority m the world, 
dealing with sources comparable with those of London.” His summary at this stage is “ 15 lbs. of 
quicklime costing l^d. would be added to 7,500 galls, of raw unstored Thames water. This 
would kill the B. colt within twenty-four hours, and inferentially, but certainly, the microbes also of 
epidemic water-borne disease, e.g.y the typhoid bacillus. The water would also be improved con- 
siderably as judged by chemical and phj'sical standards. The excess of free lime (about .007 per 
cent.) would then have to be neutralised with 2,500 galls, of adequately stored water, which, 
according^o all his experiments, would not contain any of the microbes of epidemic water-borne 
disease. Rapid filtration alone would then be required to remove the precipitate of inert carbonate 
of lime.” While admitting that the disadvantages of the excess lime method, grafted on to an 
existing water purification, are many and serious, be states that the mere cost of lime would 
piobamv be about double that of the present sand filtration. This excess lime idea is somewhat old, 
having been practised at Canterbury since i860, and at Southampton rince 1888, while it is well 
known that water after lime treatment is slightly caustic, has a deficiency of carbonic acid, and is 
apt to gi^e after-troubles in the shape of lime depicts in the pipes, pumps, and conduits. On the 
other hand, the hardness of water within ordinary limits has practically no influence on the health of 
consumers. 

II. PURIFICATION BY OXIDATION 

Reichel found that hydrogen peroxide destroyed germs in drinking water 
but difficulties occurred through its ready decomposition. To remedy this, a 
30 per cent, solution of perhydrol (which may be a mixture of the peroxides 
of sodium, calcium, or magnesium, with weak acids such as carbonic, citric, acid 
tartrates, etc.) has been put on the market, but although stable, it is very expensive. 
Permanganates have also been employed with success. 

III. ADDITIONS WHICH DESTROY BACTERIA, Etc 

Bleaching Powder was the first of these to be proposed, but has now 
been replaced in recent years by the hypochlorites of lime and soda and 
by electrolytic chlorine. 

According to Rideal, hypochlorites are now used by several hundred townships as a permanent 
OT tempoiETy feature of their waterworks scheme. Ideally the process cannot be considered so 
good as the sterilisation brought about by means of either ozonised air or ultra-violet light (see later), 
since, in the latter case, nothing at all is added to the water, while in the former case the oxygen 
content is merely raised \ with the device of proper and regular controls, however, sterilisation with 
hypochlorites is more economical in installation, as well as in operation, than either of the other 
proMSses. In the Unit^ States the hypochlorite treatment has made great process, and one 
town treats 30 million galls, per day at a cost of operation of 27.6 cents per million galls, 
(inclading chemicals, labour, and power), while another plant of 15 million galls, per day capacity, 
ii run at a cost of 96 cents per million galls. 

The method has proved its value in checking water-borne typhoid epidemicsi 
and it may be stated that while filtration alone may remove 97^8 per cent, 
of the tacterial contamination, the hj-pochlorite treatment, in conjunction with 
filtnUion, removes 99-99.9 per cent., the chlorination kills the bacteria which 
ttSe filtration has left. How muoh treatment any Water requires previous to 
chlorination depends solely on the actual nature of the water, itself. 
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At Cleveland and Erie it is used alone \ at Jersey City and Baltimore with impounding reservoirs ; 
at Nashville and Omaha with sedimentation basins ; at Des Moines with an infiltration system ; 
with slow sand filters at Davenport, and with rapid at Cincbnati ; with mountain streams at North 
Yakima, and with well waters at Corning. 

C. A. Jennings, of Chicago, in a paper at the International Congress of Applied Chemistry in 
1912, showed from statistics that the general result of using hypochlorites is to decrease the number 
of typhoid cases by 65-45 per cent., and the number of deaths by 50-30 per cent. At Minneapolis, 
where raw Mississippi water was used without any treatment, the result of adding hypochlorites was 
to reduce the typhoid death-rate 95 per cent., which conclusively proves that water was responsible 
for almost the whole of the disease, and that sterilisation overcame the infection. 

Since there are now so many appliances by which the ratio of the sterilising 
agent to the volume of the water pumped from the river or drawn on by the 
town can be automatically adjusted, there is no reason why any excess chlorine 
should ever be found in a public supply. Excess chlorine can be removed in 
part by Na2S03, NagSgOg, and Ca(HS03)2. 

Similar additions are electrolytic chlorine {by Rideal), aqua regia, liquid chlorine, bromine 
in alkaline solution (Schumberg), and tabloids of ^dium bromid eand sodium bromate formed by 
dissolving bromine in caustic soda, evaporating to dryness, and mixing with sodium bisulphate. 
Acetic acid and formalin have also been recommended, but all these methods are only applicable 
on a small scale. 

Recently in America, Alexandria, etc., copper sulphate (i in 100,000 to i in 1,000,000} has 
been proposed (C. T. Moore and H. F. Kellerman, U.S.A. Dept, of Agriculture, 1904-1906). 

Very serious defects of certain waters are lead and iron solvency. The 
former has generally been prevented by treatment with calcium carbonate or 
lime, but the latter causes grave inconvenience in certain districts, and in the 
United States has been termed the “red plague” owing to the water being 
rendered unbearably ferruginous. Waters of very varying composition are liable 
to this evil and it has been connected with the growth of certain organisms, 
especially of the genus Crenothflx. There can be no doubt as to the accessory 
nature of the odours and taste, and while covering the reservoirs to exclude light 
discourages a large number of species, it is rather favourable to others, and, 
moreover, is only applicable on a limited scale. Resort has therefore to be made 
to sterilisation, and in this regard copper sulphate (i part in 1-50 millions), 
has long been known to be effective, but has been restricted to emergencies owing 
to fear of its poisonous nature. Hypochlorite and ozone (see later) have both 
come into extended use in various parts of the world, with an experience that 
their expense is not unreasonable, and that they solve the old difficulties and 
dangers. 

The different species of organisms require for their arrest var}ing amounts of chlorine, an 
important point being that the worst tastes and odours are generally the most susceptible. Rideal 
found that available chlorine just in excess of that immediately consumed by the water, although 
disappearir^ in a few hours, inhibited confervoid growth for some weeks. Desmtds were 
slightly more resistant, and in some of Rideal’s experiments the addition of some 0.5 part per 
million in excess of that immediately consumed by the water was required. Diatoms required 
about 1 part per million of chlorine in excess. 

Rideal cites the interesting case of D. Leitch who has successfully combined several of the 
existing processes, and supplied a population of nearly 370,000 in the Johannesburg and Rand 
district with daily quantities of water between 7 and $ million galls. The source is mainly 
from shafts and bore-holes in the dolemite, with some surface water and springs. The hardness is 
generally high, averaging 18*19 parts per 100,000, of which 9J- 10 are said to be carbonate of lime 
and 74-8 carbonate of magnesia. The supplies were often turbid and sometimes contained much 
iron, amounting frequently to 2 parts per million, which encouraged the growth of “weed” 
(presumably crenothrix and other algse) in the mains. The water is softened by lim'e down to 
a mean of 14 part5 per 100,000, and the growth of weed checked by the addition of i part in 
3 millions of copper sulphate. The fenous iron contained is then oxidised and precipitated, by 
falling tl^rbugfa perforated plates on to beds of clinkers. With a weekly cleaning, the iron is 
redu(^ to between 0.2 and a3,part per million, which gives no further trouble. The total cost 
of the iron removal, includit^ all capital charges, is about 55. 6d. per million galls., and the 
chesrical quality of the water is excellent. The bacterial content is low, rarely more than ten 
fHganisins per cubic centimetre growing at yf C, but the use of a small quantity of chloride of lime 
iedai?e|i the total bacteria to one or two per cubic centimetre. The total cost of the works has been 
about Tejfeooo and the entire cost of the supply and treatment is given as 2s. per 1,000 galls. 
The ^ meter, and the whole sweme 1 $ a commendable example of thoroughness 

Rideal, Chemical World, 1912). 
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Ozone Treatment'— The most active chemical ^ent hygienically, and the 
one most free from objection for drinking water sterilisation, is ozone. 

Experiments for treating water on an industrial scale and thus making use of the known fact 
of bacterial destruction by o^ne, were carried out in 1891 by Frohlich and Siemens, and an 
experimental plant was soon afterwards erected at Martinikerfeld. The 6rst installation on a large 
scale was erected by Schneller, Van der Heen, and Tindal at Oudshorn, Holland, for treating 
Rhine water which contained, from 5,000 - 1,000,000 bacteria per cubic centimetre. This was 
followed by an experimental plant at the 1895 Hygienic Exhibition at Paris, and by an installation 
near Paris to sterilise 2 million galls, of water daily from the Marne. Siemens & Halske have also 
erected targe installations at Paderborn and Wiesbaden. 

The Pasteur Institute, the Koch Institute, and the Berlin Reichgesundheitsamt, 
have each conducted experiments which conclusively established the complete 
sterilisation of water by ozone, even on an industrial scale. It is essential though 
that the ozone meets every particle of water, and various forms of apparatus have 
been designed to this end (see p. 151 for diagrams and descriptions of these). 

The amount of ozone needed for ensuring complete sterilisation varies naturally 
with the character of the water, but averages about 2 g. per cubic metre (220 galls.), 
i.e,^ at the concentration employed a bulk of ozonised air equal, to that of the water 
for purification. Suspended matter must be absent from the water, and if organic 
matter, which hinders sterilisation, is present, a larger proportion of ozonised air 
may be necessary. A like absorption of ozone takes place in the presence of iron. 

At the present time more than forty towns in Europe and America have adopted this treatment, 
among which are: Pelrograd (Siemens A Halske, 11,000,000 galls, per day), Nice (Otto, 
10 million galls, daily), Philadelphia (Vosmaer, l million galls, from the Schuylkill river, whose 
water may sometimes contain 2\ million bacteria per cubic centimetre). 

The cost must vary according to the condition of the water and size of plant erected, but for 
small installations should not exceed id. per 1,000 galls., while for large ones it may be less than ^d. 

Sterilisation of Water by Ultra-Violet Rays.— Although it is amazing to 
what extent water can be sterilised by well-conducted slow sand filtration, which 
fulfils the double purpose of clarifying the water and freeing it from the greater 
part of the microbes it contains, yet hygienists are still demanding greater purity 
than the filters are usually able to supply. The previous methods described have 
been more or less disinfecting processes consisting of the addition of chemicals to 
the water, each of which acted in its own peculiar way on the germs. The chemicals 
added to help filtration, <>., the precipitants, have at times not a toxic, but a 
physical effect upon the microbes, in that the precipitates which form themselves 
mechanically drag the microbes into the filter bed. The more recent hypochlorite 
and chlorine processes are having to make progress in face of a certain amount of 
aversion by the public to the idea that anything should be added to its drinking 
water. 

The first electrical process proposed for the sterilisation of water is that of 
ozonisation already described, and a later development along electrical lines has 
been the use of ultra-violet rays. 

Altheugh this is the latest process, it is itt reality the oldest, having existed in nature since the 
beginning of time j for sunlight, which is one of the roost powerful bactericidal agents known, 
accomplishes the larger part of the natural purification of water. So far, the bactericidal power of 
the sun’s rays has been studied, less in its relation to the production of a good drinking water, than 
in view of its action in rendering harmless the waste waters of towns. It is amaxing to see how 
rapidly a river which is heavily polluted by town effluents is freed firom its bacterial contents, and 
thereby rendered practically harmless to the health of the community. On the other hand, effluents 
running through sewers do not lose their toxic effects, thereby furnishing a proof of daylight 
sterilisation largely due to the bactericidal effect of the ultra-violet rays contained in sunlight. 

Were this not so, what other explanation could be offered for the fact that in tropical countries 
where heavy cholera epidemics are breaking out from time to time, these epidemics eventually 
disappear without apparent reason, c.g.^ in certain parts of India, where dead bodies are thrown 
into tne rivers instead of burying or burning them, cholera epidemics only appear at rare intervals. 

The spectrum of sunlight is extremely rich in ultra-violet rays, but a great part of these are 
absorbed by the air. The first study of their biological action was made by Finsen and his 
pupils, and applied for healing purposes, e.g.t lupus. If it has taken scientists a long time to study 
this problem of artificially illuminating water in view of sterilising it, the reason is twofold — in the 

' For description and diagrams of apparatus, see under Ozone, p. 151. 
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first instance, because until recently the phenomenon was not analysed and attributed to the 
bactericidal action of ultra-violet light ; and sceondly, powerful sources of such light have only'qaite 
recently been established. 

The first propo^ to immerse a mercury vapour quartz lamp producing ultra- 
violet rays in a current of water in view of sterilising it, is contain^ in De Mare’s 
Patent, 1906. It was not until about two years ago that this work was again taken 
up, chiefly in France, and by Messrs Henri, Helbranner, and von Recklinghausen 
at the Sorbonne University in Paris. 

The production of ordinary light is not always accompanied by a large output 
of ultra-violet rays, t.g., gas and incandescent filament light are very poor in ultra- 
violet radiations. On the other hand, sources of light which are based on the 
incandescence of vapours seem to he exceedingly rich in this type of radiation, e.g., 
the incandescent vapour forming the surface of the sun. The sources of light 
based on the incandescence of vapours belong largely to the type of the electric 
arc playing between metal electrodes ; e.g., Finsen has used the arc between iron 
and similar electrodes, but such a source has the inconvenience of not burning 
very steadily, and of requiring a regular feeding mechanism which moves the 
electrodes. In addition, Finsen’s arcs throw off oxide of iron, or other metal 
vapours, which have to be removed from the source of light in order to avoid the 
otetruction arising therefrom. It has, therefore, been preferred to use metal arcs 
which are fully enclosed and do not allow the metal vapour to escape. The 
typical metallic arc of this kind is the mercury vapour lamp, which is enclosed 
in a quartz container. This mercury vapour lamp presents an absolutely steady 
light, burning without flickering, and giving, under properly chosen conditions, an 
absolute uniform light of even strength. Besides, the lamps of this type have a 
very long life, and therefore present an economical source of ufira-violet light. 

The results of Henri, Helbranner, and von Recklinghausen with regard to the 
sterilisation of water are as follows : Water infected with B. coli is freed of this 
under the influence of a 220 volt 3 amp. Westinghouse silica lamp within : — 

I second at a distance of 4 in. 

4 i> » 8 „ 

15 » »> „ 

3 ® >» *» ^4 » 

The temperature of the liquid or solid to be sterilised has little influence on the 
speed of sterilisation. Even ice, if as transparent as water, may be sterilised in 
practically the same time as liquid water. The action of the ultra-violet light is 
equally effective, no matter whether free oxygen is present in the water or not. 

The sterilisation is not due to the production of hydrogen peroxide in the water, as the quantity 
of this hydrogen peroxide produced by the influence of the ultra-violet fight is so small that it wonld 
be impossible for it to destroy tbe coli. The presence of hydrogen peroxide can only be determined 
by very direct methods after an exposure of water during hours to tbe ultra-violet rays, whilst the 
sterilisation takes only a few seconds’ exposure. The bactericidal effect, therefore, is exclusively 
that of the ultra-violet light, and not dud to any chemical action produced in the water. 

The various classes of microbes are not all equally sensitive to the ultra-violet 
light, ^ust as they are not equally sensitive to heat or chemical agents. The 
following are some comparative periods of annihilation : Staphylococcus, 5-10 secs.; 
cholera, lo-i^; coli, 13-50; typhoid, 10-20; dysentery, 10-20; pneumobacillus, 
20-30 ; subtilis, 30-60 ; tetanus, 20-60. 

It was found necessary never to interpose glass between the rays and the water, as 
glass is practically an absolute absorbent of the ultra-violet rays. Air has also g^t 
absorbent power, and therefore it is important to have as little air space as possible 
between lamp and water, although a small ^pace is necessary so that the lamp 
should not touch the water directly, otherwise its temperature would be considerably 
lower^ and its electrical characteristics changed to such an extent that the light 
emissfya^would be seriously reduced, and tbe sterilising action diminished. On 
^e odip hand, experience has shown that lamps which touch die' water dheetly 
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(submerged lamps) are covered after a while with scale-like boiler tubes, which 
scale is impermeable to the rays, thus preventing the lamp from sterilising. 


, Fig, 6,— Sterilisation of Water by Ultra* Violet Rays. The “ R.U.V.” Steriliser. 



In some trial experiments before designing the R.U.V. steriliser, the water was allowed to flow 
in large qnantities under several successive lamps of the We.stinghouse silica type. The lamps in 



Section Throngh ** R.U*y.** SterlUBer. 
' Type C. 3. 


Fig. 7.— Sterilisation of Water by Ultra-Violet Rays. 

this case were placed on floats, so its to be constantly near the snr&ce of the water. The water 
dumnel was 10 in. wide and 12 in. deep: the flow could be varied between 1,000 and 10,000 
an hour. In a trial with water artificially infected by . a specially prepared emulrion of 
bacteria, the greatest effect was obtained by the first lamp, where 5,000 coU germs pfer cntdc 
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centimette were reduced to loo, and by the second lamp to aero. Taking account of the speed of 
the water and the energy consumed by the lamp, it was found that with 160-165 watt hours per 
1,000 galls, the infect^ water was absolutely sterilised. The water must be properly clarified 
before use. 

In the R.U.V. steriliser the water under treatment is made to flow past 
a source of ultra-violet rays, J.e., a mercury lamp. A number of baffle plates 
are arranged in such a way as to make the water pass several times under the 
influence of rays, therefore ensuring complete destruction of the microbes (see 

Fig. ?)■ 

Many problems of modern hygiene have been solved by the use of perfectly sterile water, and in 
doling with these it is often desirable, and never disadvantageous, to retain the salts and gases 
which are in solution. This object is attained by the present s^’slem which does not precipitate 
the soluble salts, and in no way modihes the physical and chemical qualities of the water treated, 
only destroying all the noxious germs. Industrially such water can be employed for the manu- 
facture of b^r, artificial ice, and mineral waters, while it will render great service for the wash- 
ing of bottles for liquids such as milk, beer, dder, and vinegar. Research has shown that the 
use of sterile water for the washing of butter has a marvellous effect, the butter keeping for a 
month without suffering any deterioration. 

Solvent Action of Water on Lead.— In the next section, various processes 
are described for taking the hardness out of water so as to render it suitable 
for industrial purposes. Now, for drinking purposes hard water is not disagree- 
able except when certain limits are exceed, and it is well that such should 
be the case since hard waters have not the same solvent action on the lead and 
iron pipes as that possessed by soft water. Since lead pipes arc chiefly used 
in households, lead being the most convenient metal available, a few words on 
the solvent action of soft water are necessary. Air-free water has no edect 
on lead and any action appears to be due to dissolved oxygen assisted by carbon 
dioxide, whereby the lead is first transformed into the hydroxide 

2Pb + 02 + 2H2O = 2l'b(OH)2 

and then into the soluble bicarbonate Pb(OH).,+ 2C0o = Pb(HC03).,. Chlorides 
and nitrates also promote solubility, while sulphates appear to exert no appreci- 
able influence. Soft waters must therefore be treated when for domestic use 
through lead pipes, and for this purpose, caustic alkalies, and the carbonates 
and bicarbonates of sodium, calcium and magnesium have been used. To a 
less extent the lead pipes have also been protected by tinning, but it is more 
usual to make the water sufficiently hard as above, when it will pass through 
the pipes unscathed. 

FEED WATER FOR BOILERS AND OTHER 
TECHNICAL PURPOSES 

A good water for boilers should not attack the iron or form boiler scale. The 
iron is attacked by free acids, also organic humus acids, by fats which split off 
acids, by sulphuretted hydrogen, and other chemicals. The greatest destruction 
ensues by rusting through the oxygen of the feed water, which action is appreciably 
promoted by the presence of salts, e.g,, sodium chloride. 

Only alkaline waters such as soda, borax, etc., inhibit the tendency to rust. 
The boiler scale is due to the hardness of water which itself ensues through the 
presence of bicarbonates and sulphates of calcium and magnesium. 

The “hardness” is expressed in units of CaO or CaCOj per 100,000 parts of 
water, the magnesium salts being calculated into equivalents of CaO. An English 
d^ree of hardness is equivalent to 1 gr. of CaCO, per imperial gallon of 70,000 
gr., or 1-43 part%fier 100,000. Other countries have adopt^ different standards. 
“Tot^ hardness ” denotes the total CaO and MgO calculated as CaO; “per- 
manejM .hardness” is that which remains after boiling the water for some time, 
filtering, and dilotihg to the original volume with distilled water; the difference 
bSMeen total and permanent hardness is termed “temporary hardness.” The 
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latter, which coincides essentially with the amount of calcium and magnesium 
carbonates deposited on boiling and originally present as bicarbonates, is deter- 
mined by titration in a similar manner to alkalies, and therefore may be termed 

tbe “ alkalinity.” 

When hard water is evaporated, its mineral impurities are precipitated and 
settle on the shell, tubes, and furnace crowns of the boilers as a hard scale, which, 
by checking transmission of heat to the water, causes waste of fuel and damage to 
plates. The scale-forming constituents of natural waters are the bicarbonates of 
lime and magnesia, calcium sulphate, and silica,, whilst waters containing 
sulphates, chlorides, and nitrates also assist in scale deposition by reacting 
among themselves. 

The scale deposits form an insulating medium with a high power of resistance to heat, and 
according to Rankine this resistance of carbonate of lime is seventeen times that of iron, whilst 
sulphate of lime offers foriy-eight times the resistance. Rankine, therefore, calculates that j in. of 
average scale necessitates the expenditure of 16 percent, more fuel, J in. of 50 per cent., and ^ in. of 
150 per cent, extra fuel, to generate the same amount of steam as compared with a clean boiler. 

It has been ascertained that whereas the temperature of a clean boiler plate is only 350” F., that of 
the same plate covered with i in. of scale is 750* F., r>., the scale-covered plate has to be heated 
400“ F. above the temperature actually required to convert water into steam. 

Chlorides do not cause the formation of boiler scale, but they may attack 
the iron of the boiler plates, especially magnesium chloride, which at the high 
temperature and pressure of a boiler will hydrolyse into hydrochloritf acid and 
magnesium oxide. 

According to Ost {Ckm. Ztit.y 1902, 26, 819) the latter compound is the sole cause of this effect, 
but it can only oaur in injurious amount in feed waters very infrequently. J. Pfeifer {Z. an§ev'. 
Chm.i 1902, 15, 194) is of opinion that the soluble magaesium salts react, at the pressure 
present in the boiler, with the calcium salts, forming readily soluble calcium salts, and difficoltly 
soluble magnesium compounds. Magnesium has an injurious effect because its carbonate becomes 
basic on brnling, and the carbonic acid thus liberated assists in the corrosion of the iron. 

Jamiason draws attention {fourn. Ind. Eng. Chem.^ 1901, l, 787-788} to the necessity of making 
determinations of nitrates in cases where ground waters ate used for the purpose of feei^ing boilers, 
and cites instances where the use of well waters containing relatively large quantities of nitrates 
resulted in rapid corrosion of boiler lubes, 

Acid waters cannot, of course, be used for feeding boilers without previous 
treatment, preferably with lime. 

These only occur as a rule in mine waters {e.g-, by w’eathering of sulphides) and in moorland 
waters (peaty and humus acids). 

The effect of hard and impure water is therefore; (tr) To cause the 
expenditure of extra fuel ; (b) to impose on the boiler plates and tubes unnecessary 
strain, due to the insulating action of the scale ; (r) this strain due to superheating 
is supplemented by the disintegrating action due to the difference in expansion 
between iron and scale which causes rapid deterioration of the boiler; (d) the 
pitting and corrosion due to presence of such dissolved substances as magnesium 
chloride and ferrous sulphate. 

On the question of coal waste information is somewhat diffuse, but Lassen and Hjert state that 
the colliery manager of the Birtley Iron Company has written them to the effect that after 
introducing one of their water softeners they are using 1 1 per cent, less fuel, notwithstanding the 
fact of an increased output of coal and a consequent larger steam consumption. Calculations based 
upon coal prices indicate that in actual practice 4d. to 2s. per 1,000 galls, must be added to the 
initial cost of hard water. It follows, therefore, that in the absence of some cheap and efficient 
method of softening, such waters are always dear to the steam user, whether he has to pay at the 
rate of id. or is. per 1,000 galls. 

To the extra expenditure on fuel must be added the cost of cleaning and repairing the boilers, 
in order to keep them in something like a fit condition, and avoid absolute wreckage in a short 
time. Besides blowing out the boilers they have to be periodically gone over with the chisel to 
make an impression upon any hard scale that may have formed. Even in the case of a simple 
Lancashire boiler, this task of scale removal is by no means an easy one, and is rarely properly done. 
The difficulty is increased when a boiler with internal flues and cross tubes is employed, still greater 
in the case of muUituhuIar boilers, and greatest of all where water-tube boilers are in use. 
Periodical and expensive cleaning is only a palliative and safeguard, not ensuring cleanliness or 
efficiency, or preventing the rapid deterioration of the boiler which goes on all the time, and it is 
safe to assume the natural life of a boiler to be shorter by one-half. 



[f4 INDUSTRIAL CHEMI^y: 

As before state 4 the scale-forming constituents are tbe carbonates and sulphates 
of lime and magnesia, silica, and other salts such as chlorides and nitrates. The 
carbonates are not soluble in water per se, but are taken into solution as 
bicarbonates by carbonic acid gas derived from the atmosphere and soil When 
such a water is boiled tbe carbon dioxide is liberated, and the carbonates, being 
insoluble in water alone, are precipitated. Calcium sulphate, however, is soluble in 
water itself, and not through the agency of carbon dioxide. The most favourable 
temperature is 95° F. (35” C), when i part dissolves in 400 parts water, and 
inasmuch as the solubility is considerably decreased at 100“ C., if a saturated 
solution at 35° C. be heated to too” C., precipitation of a portion will ensue, while 
at the temperatures in high pressure boilers it is rendered insoluble, and the whole 
precipitatei 

The chief differences in holler scale are due to variations in tbe proportions of calcium carbonate 
and sulphate. 



Fig. 8.— lassen and Hjert’s Standard Purifier. 


In the case of marine boilers it was possible to use sea water at com- 
paratively low pressures, but with high pressure tubular boilers the quantity of 
deposit becomes serious, especially as sea water possesses a very high content of 
calcium sulphate, and the amount of labour, deterioration, eta, renders the use 
of sea water impossible, distilled water having to take its place. After use the 
steam was condensed and returned to the boiler, in which state it always contruns 
some of the lubricants from the engine cylinders. When the lubricator happened 
to be an animal or vegetable oil considerable damage was done to the boiler plates, 
since the superheated steam saponified tbe oils and liberated fatty acids. It is,' 
however, imperative to remove the oil if the water is to be used for boiler feed, as 
it is well known that a thin layer of oil on boiler flues causes overheating and 
danger of collapse. For this purpose various filtering apparatus have been designed, 
'but none of them have effected the desired aim, viz., to pve a crystal clear water 
entirely free from oil. By subjecting the water to a chemical process it is possiUe 
to transform the oil from its emulsified state to such a form as will make it 
apienable to perfect fUtratiorf, Sulphate of alumina and carbonate of soda are 
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mixed with the water in Lassen ana rijert’s Standard Purifier, whereby a heavy 
and flocculent precipitate is almost instantly formed, which attracts the globules of 
oil and renders their retention in filters possible. The alumina will react acid, and 
to counterart such acidity it is necessary to add a slight excess of .soda to the water. 
For high oil percentages two compounds of zinc and potassium are used. The 
Standard Purifier will now be described (see Fig. 8) : — 

The water is discharged into a tipping trough A, divided into two compartments of triangular 
form. When one compartment becomes full of water it tips over, and the other compartment 
is brought under the orifice of the inlet pipe. In this manner certain quantities of water are 
measured out automatically. 

At each osdllatlon two valves fixed in the chemical reservoir J are opened. The reservoir J is 
divided into two compartrhents, one containing the soda and the other the alumina. The extended 
axle carrying the tipping apparatus also carries the cams which open the valves. The lift of the 
valves can be adjusted with perfect accuracy, and thus the amounts of the chemical reagents ate 
properly regulat^. 

The alumina and soda are diluted to the required strength and placed in the two compartments 
of the chemical reservoir j, whence they are passed into the water through the two valves in the 
bottom. In the case of large insUllations, the overhead tank shown in the illustration is included. 
It consists of two compartments for holding a large supply of alumina and soda solution, these 
solutions being fed automatically into the two compartments of j. The water and chemicals meet 
in the shoot b, whence they ate discharged into the first compartment c of the purifier. The 
coagulating action of the chemicals takes place in c, and the water is then ready for filtration. 
The purifier is provided with three filters, p, e, and K, through which the water has to pass, the 
filtering material depending largely upon the nature of the water. After the water has passed 
through the last filter F, it is discharged into the storage tank G, ready for use. The flange h 
is connected to a feed pum[), whence the water is drawn to the boilers. Each compartment 
of the purifier is provided with a scum cock, to draw off the oil which will collect there. A 
vm imporWnt feature of Lassen and Hjert’a apparatus is that the filters can be used for months 
without being cleaned, and there is consequently no waste of water as in the case of purifiers 
in which sand filters are used, which have to be cleaned out several times a day, thus increasing the 
cost of working. 

The condition and physical properties of a scale deposit are largely affected by 
the presence of calcium sulphate, since this salt separates out in fine needl^ 
shaped crystals, and, aided by the magnesium hydroxine, binds tbe whole deposit 
into a hard mass. If, however, the calcium sulphate is absent, tbe deposit of 
calcium carbonate is a soft powder which remains in suspension for some time, 
finally settling into a mud capable of easy removal. 

Prevention of Scale Formation Anti-incrustators.— For overcoming 
the above serious drawbacks, various means of preventing incrustation have been 
devised. In fresh-water boilers, incrustation may to a certain extent be prevented 
or at any rate diminished by the addition of substances which will prevent the 
calcium sulphate binding the carbonate into a hatd mass. These anti- 
incrustators, of which there are legion, and for which the patent literature must 
be consulted, may be divided into two classes : — 

1. Those which are purely mechanical. 

2. Those which involve some definite chemical action. 

As examples of the first claSS may be quoted methods by which surfaces 
are offered upon which the deposit may accumulate in preference to the boiler 
plates, such as the suspension of brushes or, bundles in the boiler capable of 
easy withdrawal ; the addition of finely divided matter of organic origin such as 
sprtit tan, barium tannate (see Burotinghaus and Schroeder, English Patent, 
23,618, 1909), etc, which by settling with the deposit prevents crystallisation of 
the calcium sulphate, and thereby enables the loose deposit to be removed at 
die sludge cock. 

C. Haythorpe (English Patent, 23, 123, 1909) has proposed an interesting mechanical treatment of 
feed water for the prevention of incrustation, corrosion, or pitting. The hot feed water is pa^ed 
through a closed chamber divided into a number of compartments by perforated einc plates, the 
compartments being filled with crushed coke or the like. Tbe sine plates and the carbon act as 
a galvanic couple, removing sulphates from the feed water and causing fat and grease to separate 
out. The cartxm also acts as a filter. The metal plates may be mime of an alloy of zinc and 
aluminium. The chamber is provided with a sludge cock, a removable lid, and an air outlet or valve. 

A proc^ of extreme interest and not involving the use of chemicals^ is the treatment of water 
by alnmlninm plates for preventing scale farma.tion. 



1/6 ■ INDUSTRIAL CHEMISTRY 

This idea was introduced by Brandcs, who by the “luminator” apparatus claims to cause the 
water to undei^osuch profound change that whbn used in steam boilers little scale is deposited, old 
scale is softened and detached from the plates, while the predpitable salts are deposited as a 
powder. The treatment consists in allowing water to run down an aluminium plate of special 
dimensions, with corrugations of a particular size according to the character of the water to be 
treated. It is only necessary to brusn the channels to keep tnem clean. Storage tanks and mains, 
if far from the boiler, must be coated>with a non-conducting composition — any bituminous varnish 
will do— and the water must reach the boiler as soon after treatment as possible. In any case, to 
get the maximum effect, the water must be used within seven days of its treatment. When water is 
passing continuously day and night, it may be necessary to rest the apparatus about a day per week, 
as the plates under certain conditions become inert, a circumstance which seldom happens, however. 
The theory of the action is that by the passage of water over the metal channels at certain speeds, 
a current of electricity is induced, the water being negative and the plates positive, whereby a kind 
of ionisation of the salts takes place, causing them to fall out in an amorphous form ; at the same 
time aluminium is by friction and electrical action corroded from the surfrce as colloidal aluminium, 
which after a time is changed in the water. The best results are obtained when exposed to direct 
light. The action in the boiler is somewhat obscure, but in all probability the collomal aluminium 
acts as a series of nuclei or active centres for the evolution of carbon dioxide and the crystallisation 
of salts, while the aluminium particles also combine with the dissolved oxygen of the water and so 
deoxidise it, thereby diminishing a cause of boiler corrosion. A boiler using the lurainator^ should 
be blown off frequently, especially in the first stages of its use, because old scale comes off so 
rapidly that it accumulates at the bottom, and if permitted to remain there, might result in burning 
the boiler. Duggan cites one case where a boiler gave way at the end of a fortnight. The treat- 
ment has an extraordinary effect on foaming, for in every case this practically ceases. Alkali waters 
are easily treated, but acid waters give more trouble. The corrugations only function is to increase 
the surface of the plate. If traces of nitrates or nitrites are present, they are decomposed. 

The treatment recalls a former common practice of placing zinc slugs in boilers which had the 
effect of causing precipitation in powdery form ; this practice for some unknown reason has bwn 
abandoned within the last ten years.‘ Although the inventors state their case with considerable 
confidence and quote unimpeachable examples of its success, yet it will be advisable to exercise 
some reserve until further reports are to hand. 

On this process are some later patents by C. Neeff and A. Brandes, viz. : — 

([) English Patents, 26,877 and 26,878 of 1910. Here jets of water under pressure are caused 
to impinge on plates or surfaces of aluminium or similar metals. Also water is forced under pressure 
over or through plates, corrugated sheets, gratings, rods, or tubes composed of impure aluminium 
or of an alloy consisting of 1 part tin and 25 parts aluminium. A block of aluminium, or of the 
alloy, may also be suspended in the boiler. 

(2) English Patents, 25,632 and 25,633 of 1911. Here water suitable for washing and boilers is 
obtained, % causing it to flow rapidly through aluminium tubes, or such composed of an alloy of 
aluminium and tin, so th^ the disintegration of the metallic surface is effected by the friction of the 
rapid water flow, A similar flow may take place through or over baffle plates or gratings composed 
of aluminium or like metals. The water may be aerated before or after treatment. 

As an example of the second cUss of anti-incrustators sodium carbonate 
may be quoted, this converting the soluble salts into carbonates and preventing any 
damage due to acids, while the precipitates are so soft and powdery as to be 
easily blown off by the sludge cock. Other alkalies and alkaline salts are used, 
among which ammonium chloride may be cited, which decomposes the calcium 
carbonate, forming soluble calcium chloride, whilst ammonium carbonate volatilises 
in the steam. 

Although acid mixtures have been recommended, it is evident that even in the case of effective 
removal on)oiler scale the plates must be deteriorated. 

Boiler compounds are not on the whole regarded as advisable, since these 
additions at the most, to quote W. H. Fowler (“ Handbook of Engineers ”), can only 
convert a hard scale into a soft one, and in no way reduce the amount of material 
to be removed. They do not prevent, but on the contrary sometimes accelerate, its 
accumulation in the feed pipes and economiser tubes, where its removal is' both 
expensive and troubles^e. A real remedy is to deal with the water before it 
enters the boiler, and for this purpose a large number of water-softcning'plants 
are on the market, by which the hardness of the water is brought down to its 
irreduciblfe minimum, and, in the case of the permutit process, almost eliminated, 
with the result that scale formation almost ceases. 

The first essential in water softening is to remove the free carbonic acid gas. 

♦This inhibits the action of sodium carbonate when added to precipitate the 

' A German war vcsiel’s boiler burst owing to the evolution of H from the zinc, 
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calcium and magnesium salts, by coriWrting it into bicarbonate of soda which 
has little, if any, action on the above salts. Now carbonic acid can be expelled 
by boiling, but this costly operation may now be more satisfactorily accomplished 
by the use of lime. Many designs of apparatus are now on the market involving 
chemical precipitation, and two of these will now be described. 

In L^seo and Hjert’s Water Softener (Fig. 9) the water to be treated is led through the 
pipe K into one of the chambers of the oscillating receivers. When this chamber is filled it tips 
over, pouring its contents into the intermediate tank B below, at the same time bringing the other 
chamber of the receiver underneath the orifice of the 'pipe k. On the side of the oscillating 
receiver is fixed a semicircular tank d, containing the chemicals (lime and soda ash or caustic 
soda), and in the bottom of this tank a valve is fitted, throi^h which the chemicals fall into the 
chamber B. To the receiver is fixed a system of levers which at every oscillation actuates the 
valve in the bottorn of the tank d. The lift of the valve can be regulated by two small nuts 
fixed on the valve spindle, so that a given quantity of chemicals can, by this arrangement, be mixed 
with the water. 



Fig. 9- — Lassen and HjerFs Water Softener. 


The lime-milk in this apparatus has a strength of lo per cent. ; the lime-water used in other 
apparatus has only an average strength of 0.13 per cent; the lime-milk has therefore a strength 
of nearly 100 times that of the lime-water, making it possible to reduce the size of the tanks 
containing the lime in the same proportion. A further advantage of using lime milk is that a 
certain quantity of fresh burnt lime is mixed with a certain quantity of water, a solution being 
obtained the strength of which is always known. In order to keep the lime-milk in constant 
motion an ^ilator is fixed inside the semicircular vessel containing the chemicals, and the 
oscillation of the receiver is utilised for driving the agitator. 

The heating chamber b is provided with a steam noule for either live or exhausl steam. The 
water is generally heated to a temperature of 150'- 200” F. to facilitate the precipitation of the 
foreign matters. However, where steam is not available, the water can, of course, be treated 
cold. 

From The heating chamber the water passes into the settling taiilc a, where the precipitation 
takes place. Before leaving the tank the water has to pass through the filters, which are made of 
wood wool, packed tightly between two rows of wooden bars. The filters can easily be taken 
out, and cleaned by removing the top'bars, and the filtering material can be used over and over 

f in, after having been properly cleansed. Sludge cocks F are provided for drawing off 
precipitate. 

The softened and purified water coming from the filter flows into the storage tank o at the end ? 
of the softener, and is drawn thereftom. The flow of water to the oscillating receiver is regulated ^ 
roeani of a high pressure float valve fixed on the pipa K. 

VOL. I .— 12 
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The above description applies to the scjllre type of apparatus, but sometimes a 
cylindrical type is more advantageous when it is essential that the discharge of soft 
water should be at a high level. 

Las^n and Hjert state that baffie or settling plates in the setting tower are of no use whatever, 
getting blocked up very quickly, and retarding the softening process. 

One of the latest of Reisert’s patents of water-softening plant is supplied by 
Messrs Royles Ltd., of Irlam, near Manchester. In this carbonate of barium' 
takes the place of soda, while the temporary hardness is dealt with by hydrate 
of lime. 

Carbonate of Ijarium has the property of decomposing the sulphates in the water, bringi^ them 
down as sulphate of barium which Is insoluble, and separated out by the filter. As is well known, 
the soda process leaves the sulphates in the water principally as sulphate of soda, a soluble salt 
which goes on concentrating in the boiler, and which requires to be blown off periodically. In 
boilers of the Lancashire type very little inconvenience arises from this, but in loco and water- 
lube boilers with little water capacity the rapid concentration of this salt leads to foaming in the 
boiler, causing priming, i>., the passage of foam and water through the steam chest with the 
steam, with its attendant inconvenience and risk of accident and waste of fuel. This type of 
softener is therefore specially suitable for locomotive and water-tube boilers. As no soda is 
used, there is no alkalinity from that source, and no wasting of the brass fittings of the boiler due 
to this concentration. The apparatus is adapted for hot or cold treatment. 

The foregoing plants are all eminently suitable for the purpose they serve, but 
each involves the same fundamental chemical principle of precipitation, and the 
variations of the system are generally due to differences in the mode of application 
of the chemicals, and to mechanical devices for facilitating treatment. Of late 
years an entirely new system has been evolved, based chiefly on the work of 
Professor Cans, of Berlin, which employs an entirely new principle. The system 
is of growing popularity, some hundreds of plants being in use, while an installation 
near Bremen is treating some 3^ million gallons of water per day. This system, 
known as the permutit process, employs as its active agents bhdies known as 
permutits. 

These are all complex silicates containing some proportion of aluminium as a constant con- 
stituent. Their manufacture and properties are described in Volume II. of this work. 

Gans termed these bodies permutits from the Latin fermulare, to exchange, 
to express their extremely important property of exchanging bases. This action is 
as follows: If a solution containing a calcium salt be poured over sodium 
permutit, the sodium is displaced by the calcium, forming calcium permutit. 
Conversely by acting on calcium permutit by a sodium salt in excess, the sodium 
permutit is re formed, calcium being expelled. This exchange property is utilised 
for water softening, the lime and magnesia in the water displacing the sodium of 
the permutit, forming calcium or magnesium permutit, while the sodium passes 
away in solution. Indicating for convenience “ permutit " by P, the exchanges 
are represented by the following equations : — 

For the softening of temporaiy hardness ; — 

P - Na, + CaHj(C03)2 = P - Ca + aNaHCO^. 

P - Naj + MgH2(COi,)j = P - Mg + aNaHCOj. 

For the softening of permanent hardness ; — 

P - Na, + CaSO, = P - Ca + Na2So,. 

P - Na, + MgSO, = P - Mg + Na^SO,. 

In practice this exchange is absolutely complete, since a hard water emerges 
perfectly lime and magnesia free, containing no scale-forming, soap-destroying, or 
other injurious ingredients. 

When the permutit ceases to be effective, regeneration is simply and efficiently 
carried out by passing through the permutit (which now has calcium or magnesium 
. for its base) a weak solution of common salt, ; — 

CaP + aNaCI - CaCl, + Na^P. 
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• Now common salt, as generally employed for the regeneration, is itself slightly contaminated 
with Hme and magnesia, so that to some extent the action of the salt is reduced. For this reason it 
is advantageous to employ for the regeneration, once every three or four weeks, an extra charge of 
say twice the normal quantity of salt, and to dissolve the same in softened water. Filtration 
through permutit is as a rule more effective downwards than in the reverse direction, as there is a 
tendency to compress together. Agitation before every r^eneration is therefore desirable to loosen 
the mass and remove any air or channels formed in the filter. This takes place upwards, the 
material being thoroughly loosened by the fiushiog action of the water. The apparatus usually 
employed consists of a cylindrical tank containing a bed of sodium permutit between two layers of 
gravel. The hard water enters above and percolates through, its rate of flow being regulated so 
that a zero water emerges below. When the specified amount of hard water has passed through, 
the inlet is closed and the flow reversed for a minute or so whereby the bed is broken up, the 



Fig. 10.— Permutit Water-Softening I'lant. 


formation of channels prevented, and any air in the pores expelled. Thus cleansed the filter is 
ready for regeneration, for which purpose a cylindrical tank is provided at the top of the apparatus 
containing the salt solution. 

A 10 per cent, salt solution is generally employed for regenerating and is allowed to filter slowly 
through from eight to ten hours. Thereafter a small quantity of tllfc crude water supply is run 
through for the purpose of removing the excess salt solution. 

Since permutit is active all over its surface, it follows that for the purpose of 
preventing choking, mechanical impurities such as oil, sludge, iron, or vegetable 
matter, must be previously filtered before softening. In addition the water must 
be neutr^ and if not must be neutralised. 

The to-and-fro process of softening and regeneration goes on without any 
depreciation of the permutit or material wastage. Thus a permutit filt^ the 



for »6olit a year^ii a |iifi . 

''■irbrch ddting tSat Kine had b^h r^en^tra' several hundred, ti^eSi deuveted a 
^ter l^eutral reaction an"d of zero degree of hardneis, 

■ The advantages ofthe process are as^lows : since common salt is the only reagent used, the 
objections surrounding lime and soda are eRtainated. The treated jvater has the same alkalini^ 
on entering, and requires the same amount of add for addihcation after as before jreatment. The 
sludge difficulty is removed as the lime is expelled in the form of calcium (ffiloride, so that no 
settling tanks or filters are necessary. There is also no adjustment of chemicals for obtainn^a 



Fig. II, — Pennutit Water-Softening Plant. 


uniibrm water, as it is icro all the time. The amount of attention which a permutit plant calls for is 
represented adely by the half hour requisite for chau^ over the operation of the plant from 
working to regeneration, and in the reverse directioo aftWegeneration is completed [ beyond which 
the plant works aotofhaticany and consists of no moving parts whatever. A |fiant takes up the 
least possible space and can he designed with dlh'er open top— “gravity system ”-or dpied— 
“pressure system ’’—whereby it can be put anywhere in the water supply circuit. Tbepermutit 
plant is the ^ly pressure system available to* water softening. 

The Iron Problem.— In underground and wdl waters, and es^dally in 
springs from marshy districts, iron (frequently combined with organic sdfetaric^) 
is [wesent in such a condition as to rendn iW separation extremely difficult. Watqr 
|^u^co^a|n^ witbi^ia (tot. objectionable a domes^ 



“fiupjdy, but in very- iany^m^tnes ^sastrous, as for "example in the 
dyei% laundry, paper^ and Ither trades. 

The iron usually occi^ as ferrous bicarbonate, occasionally as phosphate, and when the water 
is exposed^) ur the iron partly separates, ^ 

2re(HC03)a + H^O + O = 2Fe(OH)3 + 4CO2. 

Schmidt and Bunte distinguish four phases in this separation 
' (1) Oxidation of ferrous to ferric iron, (2) hydrolysis of the salts, {3) transformation of ferric 
hydroxide to its hydrosol, and (4) change of the latter into hydrogel. The oxidationffe promoted 
by rough surfaces, and by electrolysis. * 

If such chalybeate water is to serve for drinking or like purposes, it is advisable 
that it be clarified, having an unappetising appearance -and a disagreeable taste. 
Similarly, when used for manufacturing 
or industrial purposes, a purification is Ciwi Mma wti 
most essential. — cfc x ^ * 

The majority of processes combine Jte=====~=M 

in some form or another aeration with jj ] ^ 

subsequent filtration. 

In Reisert’s type “FO,” as supplied by 
Messrs Royles & Co., there is a sprajing tank 
A, a coke tower B, and an air-cleansed gravel 
filter. The water to be freed from iron flows 
into the sprayii^ tank a, the bottom of which ’ 

is perforated with fine holes, causing the water 

to fad in the form of a shower on to the coke. ‘ g 

By this means the water and' air are well 

mixed, and the absorbed oxygen commences 

a separation of iron out of the water. The 

latter then passes in thin streams or rivulets 

over the coke, passing from the top to the 

bottom of the coke tower, where a perfect ^ 

separation of iron takes place. The neotssary Sj 

air has free access from all sides, those of the ^ 

Coke tower being perforated. The coke be- ^ I 

comes in a very short time coated with iron I I 

oxide, which accelerates the separating action. - | » r |j 

After leaving the coke tower, the water passes ^ c — « otv Im-.® 

■again in the form of a shower on to the gravel A*- 

filter. Any fwecipitated iron remaining in the r jl | P^Rir-EBWwrB 

water is arrested by the filter, and the water - , H ^ 

leaves by the^ipe p perfectly free from iron, ^ ^ 

and crystal cl&r. To clean the filter, tlie mud ^ 

valve E is opened, and by means of an air- N ^ ? Ir 

blower F, or out of an air-chamber, air is led /■//■/ 

under pressure, and simultaneously water, to ^ Pma. 

the underside of the filter. The flush water 'v//y//Ayyv/y/^^ 

may be taken from a line of pipes, town’s ///////////////'////>/'//■////////////// 

main, etc. The cleansing or aoshing of the ,2.-Ro,le’a Reisert’s Type “FO” 

filter IS most energetic, and only lasts a few iKm.removinp Filter 

minutes. The muddy water which collects ^ 

above the filter flows by the mud pipe to 

u^ter After opening and shutting the corresponding vafves, the filler is immediately ready for 
further use. The frequency of cleansing the filter is naturally dependent on the quantity of iron 
contained in the water, necessitating accordingly either a duly cleansing or one twice or three 
times per week. In cleansing the filter it is never necessary to have to handle it, or in any way 
to touch the filtering material. A pfipsure type is also supplied, the working of the closed 
appiumtus being essentially the same in principle, except that the air, nec^sary for the oxidation, 
is pumped in or drawn in by a snuffle valve in toe suction piping. 


OuTlil 


W//V/7////y/// A ^ Dbain. 

iWMM-mmm/A 

Fig. 12. — Royle’s Reisert’s Type “FO” 
^pn-removing Filter. 


Chemical precipitation is also used for removal of iron, since if the latter be ■ 
united with humus matters as in moorland waters, or present- as ferrous sulphate 
M in iron pyrites effluent, only two-thirds of the iron is precipitated by oxygen. 

* Pfieike concluded that addition of milk of lime was insufficient, andCrOhhke, , 
Jhy adding some ferric salt prior' to lime, obtained more favourable results, as by the*! 
de<»mpteition of :fe!^ calcimn- hydrate a voluminjus flocculenfl 
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precipitate of ferric hydrate is formed which settles and carries down not only 
the iron, but also calcium carbonate, -fine turbid material, organic substances, 
colouring matters, etc. Ozone has also been proposed for this purpose. In 
America precipitation processes play a large part, while in Europe aeration and 
filtration are more prevalent. 

By means, however, of permutit, all difficulty in the removal of iron has been 
overcome, since by filtration over manganese, permutit waters can be entirely 
freed from iron or manganese. Incidentally this treatment has another most 
valuable effect, in that this reaction offers a practical solution to the difficulty 
of sterilisation of water and elimination of bacteria. In sodium permutit the 
sodium may be replaced by manganese, and the permutit so formed may be 
oxidised by dilute potassium permanganate solutions to generate higher oxides 
of manganese and potassium permutit, the oxides being precipitated in an 
extremely fine state of division in and on the permutit, so forming a black or 
brown mass. The latter is a very powerful oxidising agent, which instantly acts 
upon easily bxidisable matter. When the efficiency is impaired, regeneration is 
brought about by merely allowing a potassium permanganate solution to act 
upon it again, a process analogous to the salt regeneration of sodium permutit. 
When water containing iron flows through manganese permutit, the iron is oxidised 
by the higher oxides of manganese present, iron oxide being precipitated in 
the upper layers of the filter bed, the water being made absolutely iron-free. In 
practice the 'filters are all of a pressure type with internal stirrers to prevent 
choking by the iron precipitate ; while the regeneration tank contains KMnOj. 

Waters containing much organic matter and iron, combined with oxy-acids, are particularly liard 
to treat, and it is usual to add dilute potassium permanganate solution in the form of drops to the 
crude water. Many such waters are not sufficiently sterilised by simple filtration, since the organic 
matter consumes the oxidising agents and dissolved oxygen in the water. For sterilisation by 
permutit, permanganates are added to the water, helping to kill the germs, and producing in the 
presence ol manganese salts colloidal hydroxides which precipitate and coagulate all harmful 
organic matter. Any excess of permanganate is removed on filtering through the manganese 
permutit. Water for industrial purposes has to be treated by the foregoing methods to be suitable 
for the specific object requited. 

In laundry work enormous quantities of water and soap are employed. 
Dirty clothes usually have the dirt fixed on them by some greasy substance, such 
as perspiration, which is insoluble in water, and requires the addition of soap for 
its elimination. Now soap is a stearate of sodium, which, when dissolved in pure 
water, is resolved into another form containing less soda, and the soda set free by 
the act of solution operates upon the greasy matter, converting it into a soluble 
lather, whereby the dirt is rendered removable by rubbing. If, however, the water 
be hard, insoluble stearates of lime and magnesia are formed, together with sodium 
sulphate, which possesses no detergent properties. Until all the hardness has been 
removed, therefore, the soap will be wasted. In addition, if the soap be used for 
scouring wool for subsequent spinning, weaving, and dyeing, the calcium and 
magnesium soaps formed are difficult to detach from the fibre, since they form a 
sticky, greasy curd and may cause defects. 

It has been found in actual practice by a firm using water fur washing on a commercial scale, 
that, as a result of softening the water, the savinp; in soap expenditure was 16 cwt. in every ton. 
In the spinning and weaving industries the substitution of soft for hard water means the strengthening 
of the yam by 15 per cent. 

For the dyeing industry soft water is a necessity, since the control of a dye 
bath depends on the character of the substances dissolved. The absence of the 
alkaline earths, iron, and acids is also important, since by the formation of 
precipitates, colour changes may be produced and uneven shades obtained. The 
advantages of soft water are; saving of dye-stuff, penetration, brightness, and 
above all, evenness. 

Water for paper mills, print, bleach, and glue works, must be soft and 
< especially free from iron. 
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In sugar refining, sulphates, alkali carbonates, and particularly nitrates 
actively assist the formation of molasses, and hard water is therefore prohibited. 

In all fermentation industries, especially breweries and distilleries, perfectly 
pure, clean, and soft water is required, and above all things there must be an 
absence of products of decay. The water in addition must contain as few micro- 
organisms as possible, since these cause subsidiary fermentations which may 
adversely affect the aroma and taste of the products. 

Such water must also be rejected for use in dairies, as vessels cleaned with it 
would retain micro-organisms, and injuriously affect the separation of curd, while 
butter which has been washed with such water soon becomes rancid and bad 
(see Section on Ultra-Violet Light). 

EFFLUENTS, INCLUDING SEWAGE DISPOSAL 

Effluents are conveniently classified into those containing a predominant amount 
of mineral constituents, as distinct from those consisting chiefly of nitrogenous 
organic matter. 

Of the former a fairly comprehensive list is given by Haselhoff,’ details of which, however, 
cannot be given in this article. It suffices to say that, owing to the great variety of industrial works, 
almost every type of chemical compound is represented in the various effluents. For example, 
in the effluent from coal mines there ate present the chlorides of sodium, barium, calcium, strontium, 
and magnesium, together with ferrous and ferric sulphates and free sulphuric acid, while the 
effluent from an alkali works contains the sulphides and polysulphides of calcium and sodium, 
associated with calcium chloride and hydrate. 

From these various industries the effluents are usually worked up by special 
chemical methods, with the object, as a rule, of recovering the different by-products, 
some of which are of considerable value, e.g., from the gas works effluent the 
cyanides are used for gold extraction, the tar for benzene, and the ammoniacal 
liquor constitutes the source for commercial ammonia. The effluent from a 
bleaching powder is itself of value for disinfecting purposes, the preservation of 
wood, the purification of illuminating gas, the preparation of colours, and for use 
in the glass industry, and for copper extraction. 

Effluents consisting mainly of nitrogenous organic matter include town 
sewage, and the effluents from slaughter-houses, sugar and starch factories, 
breweries, distilleries, dairies, paper mills, wool washing, cloth factories, glue 
works, tanneries, etc. 

The great Increase in manufacturing operations, accompanied by the development of the factory 
system alxjut lire middle of the nineteenth century, contributed largely to the very noticeable 
pollution of streams which began at that time, and sUll continues. I n consequence, special methods 
nave to be employed for allaying this nuisance, and in England the bulk of the effluents arc treated 
together at the sewage purification works. 

The greater part of the liquid trade waste at the present time is produced by 
the textile and dyeing industries, and in certain places special methods have to 
be adopted by the manufacturers themselves for the purification of the effluent, 
these methods being naturally desigtred to suit local conditions, and not for effluent 
purification in bulk. The latter subject will be treated under sewage disposal. 

The various branches of the textile industries are concerned with the 
manufacture of cotton, woollen, and silk goods, but the chief source of pollution 
arises from the woollen industry, which in all its stages, from the washing of raw 
wool to the dyeing of the woven fabric, furnishes large volumes of polluting liquids. 
From a river pollution standpoint, the liquid from the wool washing requires more 
careful and skilful treatment to yield a satisfactory effluent than any other waste 
liquid from the textile industries, although compensation is afforded by the fact 
that valuable by-products can be recovered which causes the treatment to be 
profitable [see the note on Bradford sewage in the Sewage Section], This latter 
fact has caused the purification methods to be designed primarily as recovery 
processes, while at the same time a purer effluent has resulted. 

> See Lunge and Keane, " Technical Methods of Chemical Analysis,” Vol. I., Part II., p. 807. 
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The suds from the wool washing as they leave the bowls are highly charged 
with mineral and organic , matters^ both in suspension and in solution. 

Ihe amount of impurity may be realised when one considers that raw wool on the average 
contains only about 50 per cent, of wool 6l»e, the rest being sand, dirt, and grease. The suds;* 
therefore, contain the mineral matter, the excess of scouring agent, and the grease, the latter partl)^ 
in solution as a potassium or sodium soap from saponification, and partly in suspension or emulsion 
as unsaponified and unsaponifiable fat. Naturally, the amounts of these will depend on the quality 
of the wool, the d^ree of cleanliness required, and the method of washing adopted, 

The substances to be recovered are therefore the fatty matters and potash, 
and the method of purification must have this as its basis. The general conditions 
to be observed are : (i) The maintenance of a constant effluent which is obtained 
by using bowls in series ; and {2) the removal of heavier solids, such as sand and 
grit, by means of settling tanks through which the liquid flows with velocity 
sufficient to help the organic matter in suspension. 

Every filtration process has {Jfbved a complete failure owing to the grease present, and an 
investigation by the Massachusetts State Board of Health has shown that intermittent filtration was 
only possible when the waste liquid was mixed with very large volumes of domestic sewage. When 
applied directly to sand or coke fillers, clr^ging quickly occurred, while filters for domestic sewage, 
in a state of active nitrification, were quickly checked. 

The first essential step, therefore, is grease removal, and this is brought about 
-by an acid treatment which produces an effluent easily capable of further 
purification. The liquid, after passing through the settling tank, is collected 
and then run into the grease recovery or soak tanks, these having a capacity of 
6,000-8,000 galls. To the contents of each tank when quite cold, vitriol is added 
with thorough mixing, until the whole is slightly acid. The fat is thereby “ cracked 
out,” and the greater part of the saponifiable fat settles as a sludge or magma to 
the bottom of the tank, carrying with it most of the unsaponifiable fat, the remainder 
rising to the surface as a thin scum. The tank contents are then allowed to stand 
until a complete separation of grease has occurred, when the acid liquor between 
the two layers is run off by means of an elbow-jointed pipe adjusted at a suitable 
level. When the latter has been removed as far as possible, the fatty sludge is 
drained for several days on shallow filters composed of clinkers or ashes about 
t ft. in depth, with a covering of 2 or 3 in. of coarse sawdust, after which it is 
taken to a grease extraction plant. 

The waste liquor is passed through a filter of clinker covered with sawdust for grease retention, 
and, after a further filtration through clinker, is discharged. 

The effluent itself is still polluting, being charged with soluble organic matter, 
and is purified by treatment with lime to neutralise acidity, followed by ferric 
sulphate to precipitate organic matter. The cost, however, of this latter process 
is prohibitive for individual manufacturers, while a disadvantage of the method 
is the loss of all the potash in the sBds. 

Precipitation processes other than the acid metltod have been proposed, bnl the drawback is the 
very large amounts of precipitants required for a dear effluent. The best results are obtained With 
ferric sulphate, although 500-1,000 parts per 100,000 liquid are required. Before the saponifiable 
fat can be recovered, the voluminous sludge must be acidified, which involves a duplication of the 
process for grease recovery, as weil as the production of a very inferior grease to that affbided by 
the add method. The cost of both treatments being practically the same, the deciding factor 
has been the diffleuity of dealing with the voluminous sludge, although the ferric sulphate method 
often produces an effluent fit for direct discharge, whereas the acid tank effluent necessitates 
after treatment. 

For recovering the considerable amounts of valuable potash, evaporation 
processes have been devi^, and a recent one patented by Messrs Smith & Leach, 
of Bradford, tfas in use some years ago, although at present discontinued probably 
on account of the large initial cost involved. The apparatus consists of a Yaryan 
evaporator, similar to those used in the sugar and praper industries for the con- 
centration of dilute solutions, a centrifugal separator, and a cylindrical revolving 
incinerator. - The suds, after passage through settling tanks as before, are concen- 
^trated t4.<k^tenth or one-iifteentb of tbdr original volume, then beatpd almost to 
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the boiling point and passed to the centrifugaliser, where a separation ensues into an 
outer layer of dirt, a middle aqueous liquor containing the bulk of the wool potash, 
and an inner layer consisting almost entirely of wool grease. The potash and grease 
are run off into separate receivers, the former containing 50-70 per cent, of potassium 
carbonate, the latter about 95 per cent of wool wax free from mineral and fatty 
acids, and worth double the grease obtained by the acid method. The distilled 
water from the evaporation process, although slightly greasy, may be used for 
wool washing, and a saving of 20-30 per cent soap effected. The outstanding 
advantages of the method are no discharge, and recovery of practically the 
whole of the valuable by-products. But for the expense, the process would 
be ideal. 

Solvent Scouring is another proposal for avoiding a polluting eifluent. This process, which 
involves carbon bisulphide, carbon tetrachloride, or petroleum benzene, is costly owing to volatility 
and consequent loss of solvent. Success has, however, been attained at Verriers in Belgium, and at 
Lawrence in Massachusetts, where the wool is treated in ah iron vessel with cold petroleum 
benzene. The grease is dissolved out, and the solvent distilled after several extractions have been 
made, thereby leaving the grease behind. The wool still contains the potash and dirt, which are 
vrashed out with soap, and the wash liquors evaporated for potash recovery. Here again there is 
no discharge of waste liquor, but the method has not found favour in England, since stains are not 
removed, whereby scouring is necessitated. The wool also is less suitable for subsequent operations, 
owing to the too complete removal of the grease. 

The purification of refuse from yam and piece scouring is made by the 
acid treatment, although in this case the grease rises to the surface instead of 
sinking to the bottom of the soak tank, so that a clear liquid can be tapped off 
from the bottom of the tank. 

The waste liquors after grease recovery have still to be purified, and 
these, together with the effluents from dyeing, scouring with fuller’s earth, bleach- 
ing, and calico printing, will now be considered. iMthough they differ appreciably 
in composition, the method of chemical precipitation, settlement, and filtration is 
applicable either to each class of refuse separately, or to combinations such as 
occur in most manufactures. The chemical process is usually the addition of lime, 
either alone or together with alumino-ferric or ferric sulphate, acids being thereby 
neutralised, colouring matters fixed, and organic substances coagulated, so that, 
during settlement, most of the impurities are deposited as a sludge. Before pre- 
cipitation, however, screening for suspended matter is usually resorted to, as the 
fibres removable from some varieties of refuse possess considerable value. Lime is 
added as milk of lime, but only effects partial precipitation of lighter matters, which 
settle much slower than when alumino-ferric or ferric sulphate are used. The 
mixing occurs during passage along a channel, and is usually assisted by baffle 
plates, while the settlement obtains in tanks either by continuous flow or quiescent 
sedimentation. 

The former tanks require less labour and supervision, while the latter can only he used without 
pumping when there is an available fall of 6 or 8 ft. In the continuous flow method 6 or 8 in. 
suffice, and any further fall serves for the filtration process. 

Filtration is only applied as a final means for removing suspended matter from 
liquid trade waste, and the beds are generally composed of either clinker, coke, 
ashes, or sand. 

The sludge possesses little or no commercial value, and only one or two attempts have been 
made to obtain an economical result, e.g., the recovery of indigo from dye waste, and the use of 
lime sludge as a manure. 

The precipitation process is the only reliable one for the purification of 
larg^ volumes of waste, but this usually requires large ground area for successful 
wooing. 

In consequence a number of more compact systems have been invented, among wliich may be 
included the majority of water-softening plants, which remove lime and magnesium salts by 
precipitation. 

The general problem of sewage purification will now receive attention. • 
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Sewage Disposal. — This problem of sewage disposal has been forced on the 
country owing to the evils of stream pollution, and the general adoption of the 
watercarriage system. Sewage contains the solid and liquid excreta of the popula- 
tion, together with the waste from all domestic occupations, as well as a large 
amount of animal and vegetable matter. With the exception of a few towns sewered 
on a dual system (and such only receives the sanction of the Local Government 
Board when surface water can be discharged by separate drains without creating a 
nuisance, and where the combined system would be unduly expensive), sewage also 
contains the washings of street and storm waters, and, as a rule, complex trade waste. 

The main constituents of domestic sewt^e are ; — 

(1) Matters in solution (mainly derived from urine), consisting chiefly of nitrogenous 
substances such as urea, and mineral salts such as sodium chloride and phosphates. 

(2) Matters in suspension, emulsion, or colloidal solution. These are nitrogenous 
bodies of complex character containing sulphur (mainly derived from fteces), cellulose 
(disintegrated paper), vegetable debris, soap, and lat. 

(3) Sedimentaty matters, such as silt, clay, and sand. 

It is impossible to distinguish sharply as to the amounts of these substances present, r..g., the 
quantity of soap present will depend on the hardness of the water, while the sedimentary material 
of class (3) will carry down some or alt of the suspended matters in class (2). The above con- 
stituents are disseminated in about 20 galls, of water supply per head of population per day. 

Since no two cities or even any given sewer possesses the same average sewage composition, for 
this varies rvith the hour, the season of the year, and the state of the weather, great difficulties have 
had to be overcome in devising means and maintaining works for the efficient purification of sewage. 
Problems in many instances still await solution. 

It is possible to transform sewage on the small scale into perfectly harmless 
products, viz., into the gases methane, hydrogen, nitrogen, carbon dioxide; the 
soluble salts, such as nitrates, phosphates, sulphates, chlorides, and insoluble 
residual matters which are conveniently termed “humus,” and are generally 
associated with a fair proportion of mineral matter, especially phosphates, lime, and 
alumina compounds. This transformation is accomplished by bacterial treatment, 
which is really direct oxidation through the agency of the requisite organisms in 
the presence of air. 

On the large scale, however, it is difficult to find conditions for dealing with sewage by this 
dilution method, since a favourably situated outfall must admit of the sewage being quickly mixed 
with a large excess of water, so that the oxygen content is always sufficient to prevent formation of 
offensive products. In the majority of cases some form of tank treatment is absolutely necessary. 

The first stage on the arrival of the effluent at the outfall works is to remove the 
coarse suspended matters, for which purpose screens of various designs are used 
with automatic scrapers, etc. Following this comes the passage through detritus 
tanks, where the speed of flow is so regulated as to allow of the heavier and mineral 
matters settling while retaining the lighter mineral and organic suspended matters 
for subsequent tank treatment. This may have for its object : — 

(a) Removal of remaining suspensions either by quiescent or continuous flow sedimentation 
(sedimentation tanks). 

( 4 ) Sedimentation with partial digestion of insoluble and soluble organic matters (septic tanks), 
either by anaerobic or aerobic decomposition. 

(r) Chemical classification (precipitation tanks) in which flocculent precipitates are developed to 
effect the rapid settlement of suspended matters. 

By simple sedimentation only the heavier matters, such as sand, silt, paper, 
grease, soap, and feces, will be removed. Now the character of the sewage depends 
largely on the distance travelled, since mechanical disruption and emulsification of 
fecal matter occurs as well as the partial ammoniacal fermentation of the urine. 
When the sewers are of recent construction, only the initial stages of the latter 
will have commenced, and the sewage in consequence will be comparatively in- 
offensive. Sedimentation tanks, therefore, should have such a capacity as to cope 
with the sewage in these initial stages, while the sludge deposited should for the 
same reason be quickly disposed of, e.g., by trenching in the ground. 

A septic tank, which has also been termed a cesspool, and a liquefying or 
hydrolytic tank, , is designed to facilitate decomposition and removal of solid 
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matters, and for the control of the character and extent of the chemical changes. 
In this tank the cellulose is transformed into hydrogen and marsh-gas, with carbon 
dioxide and fatty acids as by-products. This production of gas is a visible sign of 
sewage fermentation, and arises chiefly from cellulose decomposition. 

Omelianski’s researches have shown 90“ F. to be the best temperature, and in consequence the 
activity is more pronounced in summer than winter, while it Ls extremely intense in tropical countries, 
so that an economic use can be made of the gas. Fowler is of opinion that in the case of small 
premises where much cellulose matter accumulates, e.g., packing paper, extracted plants from drug 
manufacturers, waste hops from breweries, etc., it might not be uneconomical to produce gas in 
small tanks maintained at the optimum temperature by waste steam. 

Atnmoniacal fermentation readily begins, and may be almost complete, before 
reaching the purification works, since the bulk of the sewage nitrogen is present as 
urea. For nitrification the preliminary conversion of urea, amino-acids, and similar 
bodies into ammonia must take place, and Fowler has found beyond question that, 
if absolutely fresh sewage is to be put upon a filter, considerably more filter space 
is requisite to convert the nitrogen into nitrates, than if time is first allowed, e.g., 
by retention in tanks for ammoniacal fermentation to take place. This fermenta- 
tion nearly completes itself in the sewers, and it is doubtful if urea could ever be 
found in an ordinary sample of town sewage. The other nitrogenous constituents, 
such as the various decomposition products of albumin, the bulk of the faeces, etc., 
are all gradually broken down, but this decomposition should not go too far, since , 
evil-smelling substances, such as sulphuretted hydrogen, indol, skatol, etc., are 
produced. The tanks should therefore be constructed for rapid deposition of 
solid matter, and its retention within economic limits for decomposition purposes, 
while the fluid portion should be quickly removed. Fats are also split up in these 
anaerobic tanks, which latter were at one time closed, although this has now been 
found unnecessary, since immediately beneath the surface of the sewage, anaerobic 
conditions must prevail. 

About 1904, Mr Dibditl treated crude sewage on a coarse contact bed, which 
took the form of a tank filled with a structure of plates and blocks. The solid 
matters in the sewage are allowed to settle on shelves of slate, supported by slate 
blocks at a distance of about 2 in., these being superposed to a depth of 1-5 or 
6 ft. as required. In consequence of the alternate filling and emptying, and 
resting empty for the air, which takes the place of the liquid to oxidise the de- 
posited organic matter, the deposit becomes the home of many types of organisms 
that digest the matters, and render them inoffensive in like manner to the action 
by which earth-worms produce a humus from organic debris, and throw it to the 
surface in the form of worm-casts. In the slate bed the deposit of earthy matter 
thus formed on the surface of the layer of mud on the slates is washed off by the 
receding effluent when the bed is emptied, and forms a black slurry, consisting of 
mineral and indigestible matter with numerous organisms from the bed. This 
slurry is then placed on a suitable drainage bed for the water to drain off, and to 
allow time for the full digestion of any crude material that may have come from the 
bed; and finally, to allow the host of infusoria to extinguish themselves by the 
natural process of the “ survival of the fittest." Fowler terms such a system an 
aerobic tank, the changes being essentially different from those under the 
above anaerobic conditions. Excess of air is essential to success, otherwise 
anaerobic conditions may be set up with consequent putrefaction. 

The septic tank treatment has not realised expectations, since it was claimed to have solved the 
sewage dinicuUy by causing practically all the organic solid matter to be digested in the tank. 
Experience, however, has not confirmed this, the amount of solids digested being a varying small 
percentage depending on the character of the sewage, size of tanks relative to volume treated, 
frequency of cleansing, etc. Another claim put forwani was that the sewage after septic tank 
treatment was capable of easier oxidation, with or without the aid of chemicals, but this has not 
been substantiated by experience. The suspended matters are not effectively removed, since 
the tank liquor contains on an average from 10-15 gr. per gallon, thus materially affecting the 
state of the filters employed for the final purification. Sewage ought not to remain more than 
twenty-four or less than twelve hours in a septic tank, and the longer the latter goes without 
cleansing, the more serious will be the state of the tank effluent The main advantage of a s|ptic 
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tank is in its equalisation of the sewage as regards strength and uniformity. The Royal Commission 
are of opinion that in certain circumstances the adoption of a septic tank treatment as a preliminary 
process is efficient and economical. 

To promote fermentation of the organic solids in the sludge deposited, the 
liquid is removed with the least possible disturbance of the latter, which is then 
subjected to septic treatment in a special tank for the purpose. 

Such tanks have been devised by Travis (the hydrolytic tank), and by Tnihoff (the Essen 
tank). The latter has a cylindrical form with conir^ base j the upper portion is a sedimentation 
chamber with sloping floors and slots at the base for allowing the sludge to settle into the section 
below. The claim is made that the sludge when withdrawn is non-putrefactiye, and that a large 
percentage of organic solid matter has teen destroyed (“Surveyor and Municipal and County 
Engineer,” 1909, p. 625). 

In dealing with chemical clarification, the remark must be made at the outset 
that no amount of chemicals which can with any show of reason be added to 
sewage is sufficient to convert the whole or even the greater part of the putrescible 
matter into harmless forms. There are also definite limits to the economic 
use of chemicals, for beyond a certain point an increase in the amount used 
does not occasion a proportionate reduction in the amount of suspended matter. 

In the rag, of very dilute sewages, the colloidal matter therein, being disseminated through a 
large volume of water, requires enormous amounts of chemicals for precipitation, the cost being out 
of all proportion to the purification obtained. The net result of chemical clarification is to bring 
the effluent into a condition more suitable for filtration, which latter process in some form or other 
is acknowledged on all sides to be essential to any efficient system of sewage purification. Speaking 
generally, therefore, the use of chemical clarification is advisable when the sewage is concentrated, 
the available filtration area limited, and the sludge easily disposed of. 

The principle involved in chemical clarification is that colloidal substances of 
albuminous nature may be coagulated and precipitated by addition of hydrated 
precipitates such as those of iron and aluminium hydroxides. The chief pre- 
cipitants used are aluminium sulphate, ferric sulphate, and lime, in conjunction 
witK ferrous sulphate (green copperas ) ; the choice depends largely on current 
market price and on facilities available for efficient use. Ferriq, salts have been 
found especially useful where the sewages contain much grease, r.^., at Wakefield. 

One of the chief difficulties encountered is the considerable quantities of sludge to te disposed 
of, since this is capable of undergoing offensive decomposition. 


THE FINAL PURIFICATION OF SEWAGE 

The aim of all methods of purification is to remove suspended matters and 
to convert the carbon and nitrogen of the remaining organic matter into inorganic. 
Accordingly the River Pollution Commission of 1868 advocated filtration through 
land, and the conditions then laid down hold at the present time. 

In any filtration process, wnether through sand, gravel, chalk, solid, or mixtures of these, an 
absolute essential is free access of air to the interk^' of the filter, while the effluent should so flow 
through the filter that atmospheric air is drawn through the pores of the material from the surface 
downwards. In 186S the action was r^arded as mechanical and chemical, and maintenance of 
the oxidising powers of the filtering medium depended upon absence of choking. Later investiga* 
tions have shown, however, that purification ensues through the agency of living oi^anisms, as the 
sewage furni^es abundant organic food for bacteria. Now standing sewage is capable of change 
in two directions, viz., in the presence of oxygen, when inoffensive products are formed, and tn 
iu absence when the contrary obtains. Any rational system is, therefore, based on these changes. 

Under special conditions crude sewage may be treated directly on filter beds 
after screening to remove coarse suspension, especially when the sewage is dilute 
and a considerable fall available. Such beds are usually coarse percolating Alters 
of sand, each having about r acre of superficial area, a depth of 4-5 ft. and 
being levelled, undermined, and separated from the others. 

• None pf th* beds should receive the sewage for a longer period than six hours out of the twenty- 
tinr, for no air wonld te present with a continuous flow. By such a process from 50,000-75,000 
galliL of domestie sewage may te purified per diem per acre of sand-bed area (when there is not a 
;£ufe proportion of manufiictnring waste present). The resnltipg effinent in tfie majority of cases 
spiy be duchaiged intotbejlnaittil. 
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Sewage is applied to land after screening and sedimentation by two processes 
known as intermittent downward filtration and broad irrigation. In 
the former, the land functions like an ordinary sand filter and therefore must be 
open, porous, and have a sandy subsoil. When the land is of a retentive character 
with a clay subsoil, the latter process is suitable, the sewage being run over the 
surface and the purification effected by nitrifying organisms in the surface soil. 

This process is generally associated more or less with the former when the irrigation areas are 
undermined, to allow the land to dry off with sufficient rapidity. On a good land with sewage of 
average strength and eliminated of its suspended matter by previous treatment, 30,000 galls, per 
acre per day may be treated, although with less suitable land the amount can drop to 3,000 galls, 
per acre. 

The Local Government Board requires that sewage, after previous sedimentation, 
when applied to suitable land by broad irrigation, should not exceed 4,500 galls, of 
dry weather flow per acre per day (/.«., the sewage from 150 persons). Surplus 
land (25-50 per cent.) must also be provided for resting purposes. With downward 
filtration 15,000 galls, is the limit for the most suitable land, and 25 per cent, surplus 
is usually required. 

After chemical precipitation, however, the effluent may have a maximum appliailion of 30,000 
galls, per acre per day. 

In almost all cases it will be necessary and certainly preferable to adopt some 
form of preliminary treatment before final purification on filter beds. The artificial 
filters in general use are of two types which are broadly divided, according as the 
sewage is applied intermittently or continuously, into ; {a) Contact beds ; (b) 
percolating or trickling filters. 

(a) Contact Bed Treatment. — This method is the result of Dibdin’s experi- 
ments on London sewage. The general character of the bed was described earlier 
when aerobic decomposition was dealt with, although the tank in this case is filled 
with coarse material such as cinders, clinker, or coke, carefully screened and graded 
to a definite size. The material must be durable and expose the maximum of surface, 
conditions excellently satisfied by clinker. When a first contact does not furnish 
a satisfactory effluent, the latter is passed to another bed at a lower level where the 
filtering material is of smaller dimensions, while if a third contact is necessary sand 
may be used. 

The complex physical, chemical, and baclerioliigical changes which take place have been 
previously discussed. The colloidal slimy layer deposited on the surface of the hlier, which is the 
seat of biological activity, must be regulated by a cycle of operations involving a resting period, 
while a bed should not be filled mote than three times in twenty-four hours, arranged in periods of 
eight so that the maximum drainage and aeration are obtained. The depth of the contact beds should 
not exceed 6 ft. or be less than 24 ft., while over the drains material of fairly large sire should be laid 
to preserve the life of the bed as long as possible. In practice the filtering material must be 
washed when clogged. The working of the h^ can he controlled by the amount of nitrate present 
in the effluent, especially in the first discharge after a long rest, since the nitrates represent the 
overplus after denitrification, and point to aerobic conditions sailed to the maintenance of organic 
life. When the beds are clogged crowds of worms often appear, demonstrating the lack of air supply. 

{b) Trickling or Percolating Filters.— In these beds the sewage is not 
static as in the contact filter, but flows over the fragments of the filtering medium, 
so that oxidation is continuously proceeding. The filtering material must expose the 
maximum of surface, and therefore must be as small as the maintenance of free air 
circulation will allow. 

The most suitable subsUnce is hard furnace clinker, which, being of a rough irregular character, 
exerts Utile or no relentivity for the gelatinous matter deposited on it. The bed should be of 
concrete, and upon it a tapered tiled floor is constructed with air and drainage spaces between the 
tiles, ance aeration of the base of the bed with effective drainage is essential for a fully oxidised 
effluent. The external walls are usually of honeycombed brickwork for side ventilation, and the 
e^ent is tpriiddri upon the filter bed by an ordinary rotary distributor, the operation being dis- 
continuons, as each element of surface receives a dose of liquid at given intervals depending on the 
speed of rotation. 

The effluent from percolating beds contains suspended matters which are 
j^moved'by secondary sedimentation, and these beds must always be equipped 
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for arresting suspended matter, which, after a period of rest, is rendered granular 
and readily detachable from the filter. These beds differ from contact ones 
primarily in the predominance of nitrification owing to the constant presence of 
oxygen in its interstices. Consequently the effluent from these filters contains a 
greater reserve of oxygen available for further purification in the stream into 
which the effluent may flow. 

On the other hand, there is a greater tendency for incompletely oxidised nitrogenons matters 
to escape from them, either in solution, in the colloidal state, as granular residual humus,” or as 
debris of growths formed in the filter. In the contact bed this is obviated by the interaction 
between the nitrates and the undecomposed oxidisable matter. The rate of filtration may generally 
be almost double that permissible in contact beds. 


LOCAL GOVERNMENT BOARD REQUIREMENTS 

Based upon recommendations in the Fifth Report of the Royal Commission 
on Sewage Disposal, the Local Government Board have issued a set of revised 
and supplementary requirements with respect to sewage purification schemes, from 
which the following abstracts are made. For further information see Appendix 
III., Vol. II,, of “Sanitary Engineering,” by Moore and Silcock. 

For domestic purposes the quantity of sewage to be treated is estimated at 30 galls, per day for 
dry weather flow, to which trade refuse, if any, must be added, and the total amount of sewage and 
rain water to be fully treatc<i at the works is three limes domestic sewage l ,V trade refuse. 

Storm overflows should be avoided where practicable, but when otherwise they should be 
so situated as to avoid possible nuisance. In any district possessing an active river authority, 
the Board will desire to be informed of the opinion of such aulhorily with respect to any proposed 
overflows, and the wires, in the absence of any special circumstances, should be fixed so as not 
lo operate until the flow exceeds six tiroes that of average dry weather. There should be no 
overflow for untreated sewage or storm water at or near the disposal works. 

All liquid delivered at the disposal works should first pass through a screening chamber, and a 
weir set at three times the dry weather flow should be placed below the screens, and any volume 
passing over should be dealt with in storm tanks. The tanks should lx; of such a number that 
their total capacity is not less than a quarter of the dry weather flow, and sn arranged that when 
fall they will act as “continuous flow” tanks. The liquor from the tanks can be discharged 
without further treatment except in special cases, and the sludge may be dealt with by any of the 
usual methods suitable for the particular drcumstanccs. In cases where suitable land is available, 
detritus tanks followed by irrigation may substitute llte storm tanks. 

^wage Treatment — There should be two or more detritus tanks below the screening 
chamber of capacity alout tW "^f the dry weather flow. The septic tanks should not be less 
tlian two in number, and have a total capacity somewhere in the vicinity of the dry weather flow. 

There should not lie less than eight tanks for quiescent treatment by chemical precipitation, 
each of which should have a capacity of about two hours’ dry weather flow, while for continuous 
flow not less than two tanks with a total capacity of at least eight hours' dry weather flow. In most 
cases a greater number of tanks is desirable. 

Settling tanks for quiescent treatment should be the same as in chemical precipitation, while for 
continuous flow not less than two tanks with ten to fifteen hours’ dry weather flow capacity are 
required. 

In determining the size of percolating fillers and contact beds, the Board have adopted the 
divisions into “ strong,” “average,” and “ weak ” sewages recommended by the Royal Commission, 
to allow for the stren^h of the sewage to be Ircatetl. The strength of sewage should be ascertained 
when possible by analysis, average samples of crude sewage being taken in dry weather at 
frequent and r^Iar intervals throughout seven days, and in proportion to the flow. Possibly in 
the ca.se of small works, the period for taking samples for analysis may be somewhat shorter, and 
not than forty-eight hours, Saturday and Sunday being excepted. 

In every case ihadaily rainfall durii^ the period when the samples were being taken should be 
noted, and also ascertained for the seven preceding days. 

The aiial3rses should in all cases include the following items in parts per 

100 , 000 : — 

Ammofliacal nitrogen, albuminoid nitrogen, total nitrogen, oxygen absorbed from strong 
pnnwmnstf tn thrff mimitft, at io"* F. (3.94 gm. KMnO^per litre), the previous 
absorption hours, suspended solids, soluble solids, and chlorine. 

It that the amdont of dissolved oxygen taken up during the 

oxid^ti^'oui^V^oniacal and organic matters of the sewage should be given. 

resalts t^i^lyses require proper interpretation, but as a rough guide the 
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strength of the sewage from the figure for oxygen absorbed at 80° F. during four 
hours may be classified as follows 

“Strong” sewage, 17-25 parts per 100,000. 

“Average” „ 10-12 „ , „ 

“Weak” „ 7-8 

In cases where the sewage cannot be analysed its strength should be estimated 
according to the water consumption, flow per head, type of sewerage system, 
whether water-closets are in general use, volume and nature of trade waste, amount 
of dilution by subsoil or surface water, etc. Failing satisfactory evidence to the 
contrary, it will be desirable to assume that the sewage is “ strong ” for estimating 
the requisite capacity of the disposal works. 

Effluent tanks or filters (with a capacity of about two hours’ dry weather flow and provision for 
sludge removal), or shallow straining filters, will in most cases be necessary for preventing suspended 
matters passing into the river, where the effluent is not irrigated on land. 

Sludge Disposal. — This constitutes the “ Sewage Problem ” of large inland 
towns. In the case of small works land drying or lagooning is resorted to in places 
remote from habitations. The dry sludge is sold to farmers, or dug into the soil. 

Trenching in the ground is preferable for works of medium size, while for large 
works with limited land area a preliminary treatment of the sludge by filter pressing 
is desirable before disposal to farmers, or on to land, or burning with town refuse. 

The interesting cases of Salford, Oldham, and Bradford will now be quoted. 

At Salford the application of chemicals is favoured by the condition of the 
works, since the area available is restricted owing to the site of the works, while the 
sludge is sent to sea in a steamer, so that, standing charges having always to be 
maintained, an increase in sludge production does not necessarily mean a propor- 
tionate increase in cost. 

At Oldham, Grossmann (see English Patent, 16,397, 1908) has in course of 
erection a plant to receive grease and manufacture a manure from the sewage. 
The sludge is successively dried by mechanical means and by heat, mixed with 
sulphuric acid, and subjected to non-destructive distillation by means of superheated 
steam whereby all the fatty matter is carried over and condensed in cold water. 
The retort residue, which contains nitrogen, potash, phosphates, and organic matter, 
may be used as soil or manure, being sometimes mixed with nitrates, potash, and 
ammonia salts, lithe or lime compounds, or phosphates. Phosphoric acid, super- 
phosphates, or acid sulphate of lime or of an alkali may be used instead of sulphuric 
acid, and, if precipitants have been used for the preliminary treatment of the 
sewage, or if the sludge has been mixed with lime, basic slag, or the like to 
facilitate filter-pressing, a larger quantity of acid will be necessary. 

At Bradford the sewage contains an enormous quantity of wool-scouring 
effluent, and the recovery of grease has been embarked upon to such an extent that 
the return from its sale exceeds the working expenses of the tank treatment. 

The sewage, after screening, is treated with sulphuric acid so that there is an 
excess of ro parts HjSO^ per r 00,000. The acid sewage then passes through 
settling tanks, the sludge being conveyed to cast-iron vats, where a further quantity 
of. sulphuric acid is added, and the temperature raised by steam to 100° C. It is 
then run into steel rams and, by means of compressed air, forced into steam-heated 
filter presses, where the process of pressing lasts from twelve to twenty-four hours, 
hot sludge and steam being alternately admitted to the press. The pressed liquid, 
consisting of water and fat, is run into special vessels for the separation of the fat, 
after which the fat is boiled with acid and black oxide of manganese to render it 
marketable. 

The amount of wet sludge produced per annum is about 100,000 tons, and contains approxi- 
mately 80. 15 per cent, water and 7.43 per cent, grease, equivalent to 37.7 per cent, grease on the 
dry matter. The amount of pressed cake produced annually is about 20,000 tons, containing about 
27 per cent, water, and part of this is used for fuel in specially constructed furnaces. The fuel 
value is about is. M. per ton. Another portion is sold to formers at 3s. 6d. per ton, while some is 
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aisinfegr»t«l, and fetdieS 5s. 6d. per ton as malite. The dried disint^rated cafe reuses & 
per ton (see ** Tborpe’s Dictionary of Applied Chemistry,” Vol. 


. IV„ article on Se^^e). 


The Royal Commission (Eighth Report) recommend a normal standard for all 
sewage discharge into non-tidal waters, except where local circumstances justify a 
special one. A normal . standard effluent should not contain more than three parte 
per 100,000 of suspended matter, and excluding suspensions, t.e., after filtration, it 
should not absorb at 65“ F. more than _ 

(a) 0.5 part by weight per 100,000 of di^olved or atmospheric oxygen in 

twenty-four hours, 

(d) r.o part by weight per 100,000 of ^ssolved or atmospheric oxygen m 
forty-eight hours. 

(^) 1.5 parts by weight per 100,000 of dissolved or atmospheric oxygen in 
five days. 

Although these tests are open to some criticism, they do broadly serve to deter- 
mine whether an effluent is likely to give rise to a nuisance or not. 


A claim for a relaxed standard may be entertained under the following conditions : — 

(a) When it can be shown that the particular rain water is of such a quality and volume tl»t, 
when mixed with a sewage or sewage liquor of known or calculated strength and volume, it does 
not lake up more than 0.4 part per 100,000 of dissolved oxygen in five days. 

(i) When there is reason to suppose, or when it can be shown, that the river will receive no 
further pollution, until it has recovered so far as not to take up in five days an amount of dissolved 
ox)ger» moth in excess of that which it took up before receiving the first discharge. 

The following limiting quantities for various harmful substances were obtained 
by Haselhoff as the result of direct experiments at Munster, upon carp, tench, and 
gold-fish (see “Landw. Jahrbuch,” 1897, 26, 76; 1901, 30, 583; also see Lunge 
and Keane, “Technical Methods of Chemical Analysis,” Vol. 1 ., Part II., p. 836). 
The figures always refer to i litre of water, and indicate the point at which the fish 
became ill or di^. 


1. Oxygen content. Unharmed at 2.8 C.C., i.e., about one-third of the oxygen usually present 
in flowing water. The eflect of a deficiency of oxygen in putrefying water is associated with other 
changes including the formation of substances 2 to 5, which may be injurious. 

2. H.,S: 8-12 mg. 

3. FreeCO.^; 190-200 mg. 

4. Free N H 1 : 1 7 mg. for small, 30 mg. for large fish. 

5. -s aNHjH.COj: 170 180 mg. = 36-38 mg. ammonia. 

6. NHjCi: 0,7-i.ogr. 

7. {NH-ljSO.; 0.7-i.ogr. 

8. NaCl : !5 gr. 

9. NajCOj! 5gr. 

10. CaClj: 8gr. 

11. MgCl,: 7-8 gr. 

12. StClj: 145-172 mg. which can be raised 10 181-235 "“E- if added gradually to the water. 

13. BaClgt In individual cases 20.3 mg. acted injuriously, while in others 64.3-500 mg. pro- 
duced no effect ; fish seem to be very variously affected by BaCIa, and to be able to accustom them- 


selves to ifito a certain degree. 

14. NajSOr: 31 mg- Nap=iiorog. NiijSO,. 

15. CaSOj ; 8 mg. ... 

16. Fe" and Fe'" sulphates : Injurious action varies with the amount of flocculent ferric hydrate 
which separates ; experiments showed an injurious effect with 40-50 mg. of FeSO,, but found 
15.30 mg. of ferric sulphate deleterious. 

17. Free lime : 23 mg. 

18. Free H^SOj : 35-50 mg. SO,. 

19. HjSO, : 20-30 mg. 

20. FreeHCl; 50 mg. 

21. KjAySOiL 24H53 : 300 mg. 

22. K,jCr5(S04h24HsO: 230mg. 

In examimng the contamination of a stream due to effluents from a works or 
factory, thcisarople must collected at a point where a possible injurious effect is 
suspected, ks otherwise, in cons^uence of self-purification, the water may subsfr 
quently losfcjts specific deleteriou* character. The use for which the water is 
destined must be taken into account since a water injurioua for one purpose may 
itless for anpdio’. 
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' ANALYTICAL METHODS 

For making the ordinary physical, chetnical, and microscopical analyses of 
water or sewage the minimum quantity necessary is 2 litres, and for a bacteriological 
examination', 2 oz. 

The collecting vessels must in every case be thoroughly rinsed with the water 
before being finally filled, while the stoppers should be of glass, pottery jugs or 
metal containers being excluded. The following intervals allowable between 
collection and analysis are fairly reasonable maximum limits, although, generally 
speaking, the shorter the time elapsin/the more reliable the results. 


Ground waters - - - - 72 hrs. 

Fairly pure surface waters - - 48 ,, 

Polluted surface waters ■ - 12 „ 

Sewage effluents - ■ - - 6 ,, 

Raw sewages - - - - 6 „ 


If- sterilised by the addition of chloroform, formaldehyde, mercuric chloride or 
other germicide, samples for chemical examination may be retained longer, but 
this wilt vary according to local circumstances. Should unsterilised samples of 
sewage or highly polluted surface waters be not analysed on the day of their 
collection, the organic contents ate liable to material change on standing. In the 
case of sewage, representative samples must be taken. 

■ Some minor physical properties are temperature, turbidity, which is determined 
against a silica standard by a platinum wire method ; colour, which is measured 
against a standard solution of potassium platinic chloride and cobalt chloride ; and 
odour, which is valuable for detecting organic growths or sewage contamination. 

The results of chemical analysis are preferably stated in parts per 100,000, 
although grains per gallon is still a common method of expression. These may be 
interconverted as follows 

I grain per gall. = 1.43 parts per 100,000. 

I partjrer 100,000 = 0.70 grain per gall. 

For Drinking Water the following factors are usually estimated 

Oxygen consumption value. Hardness, temporary and permanent. 

Nitrogen as nitrates and nitrites. Appearance, colour, and taste. 

Free and albuminoid ammonia. Bacteria per cubic centimetre. 

Total solids. Presence of poisonous metals. 

Suspended matter. 

For Techniruil Purposes the following serve 

Total solids. Lime factor. 

Temporary and permanent hardness. Tests for magnesium, sulphates, and chlorides. 

Acidity or alkalinity. 

For Sewage and Effluents 1— 

Total oxygen consumption value from acid Chlorine.' 
permanganate in 4 hours and in 3 mins. Suspended irratter. 

Nitrogen as ammoniacal, albuminoid, Puirescibility. 
nilrous, and nitric. Consumption of dissolved oxygen. 

The Total Nitrogen is determined by the Kjeldahl process (r.e., healing with concentrated 
sulidiuric acid whereby the nitrogen is completely converted into ammonia). 

■ The Free Ammonia, which is an intermediate stage in the decomposition of organic matter, 

may be determined either by distillation (for most waters) and Nesslerisation, or direct Nesslerisation 
(for sewages, etc.). Ammonium chloride was almost the only standard formerly -used, but now the 
permanent piatinnra-cobalt standard is coming into more general use, r 

; The distillation process is now being perform^ by steam, which hw the advantage of yielding 
ammonia more promptly, avoids pumping, and permits the assay of solid matter. 

. Albuniinoid ammonia is estimated by a distillation with alkaline podium permanganate, 
whereby nitrogenous organic matter is converted into 'ammonia, which is, then determined by 
Nesslerisation. 

In sewages and other liquids contuining considerable quantities of mtregenous. organic matter, 
the pacentage which is' ammonia forming is decidedly variable. For this reason the albuminoid 
ammonia results are less valdahle than *e totjd organic nitrogen. For ground and surface waters 
containing but little polhiUo%4he albuminoid nitrogen quite uniformly approximates to atout half 
thototal organic nilroeen. ''i-' "'- * 

VOL. 
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The IProteid Ammonia determination and its significance has been dealt with earlier. 

Nitrites, which represent the second stage in the transition to nitrates, are determined , 
against standard nitrate solutions by adding 2 c.c. each of standard sulphanilic acid and a-naphthyl- 
amine solutions in acetic acid, to 100 c.c. of the sample decolorised by aluminium hydrate. 
Acetic acid permits of the colour developing more slowly than hydrochloric acid. 

Nitrates.’— No single method appears to he applicable to all classes of water, each being ^ 
subject to considerable error. When the amount of chlorine is less than three parts per ioo,ooo 
the pbenoisulphonic acid, process is recommended, and when exceeding this, as in sewage work, 
the reduction method is preferable. 

Oxygen Consumption Value. — This is the amount of oxygen consumed from an acid solution 
of potassium permanganate. The expression is synonymous with the “oxj^en required or 
absorbed.” Since it is carbon and not nitrogen which is attached, the determination is frequently 
referred to as an indication of the carbonaceous organic matter present, although the carbon in the 
nitrogenous matter is as readily oxidised. The carbon present in unstable organic matter is not 
directly diflerentiated from that in stable, residual humus, matter. Nitrates, ferrous iron, 
sulphides, etc., if present, will increase the consumption, to which a necessary correction should 
be applied. Unfortunately so many forms of procedure have been proposed (for which analytical * 
books must be consulted) that the most favourable basis has not been established. The following 
conclusions are taken from the Report of the American Committee. 

From a strictly scientific standpomt the thirty-minute period of digestion at boiling temperature 
in a water bath appears to give the most satisfactory results as regards uniformity and freedom from 
personal errors of manipulation. In connection with sewage works analysis, to which the usefulness 
of this method is principally confined, it is recommended that the permanganate solution he added 
to the samde before healing In order to include the oxygen consumed by volatile compounds. 

Total Residue or Tot^ Solids is determined by evaporation. 

Hardness and Alkaliaity.—Total hardness is commonly measured by the soap-destroying 
power. 

Temporary Hardness or alkalinity Is obtained by direct titration with N/lo H25O4 and 
methyl orange. 

Permanent Hardness is determined by placing 140 c.c. of Hj> 0 , say, in a flask with 10 c.c. 
N/io NagCOj. The whole is evaporated to dryness on a sand bath, and heated for a short time to 
convert the MgCOs into MgO. The residue is then taken up several times with small quantities 
(3-4 c.c.) of cold water, and the extracts filtered through a small filler, afterwards being titrated 
with N/ro using methyl orange as indicated. 

Acidity, due to free carbonic acid, free sulphuric acid, and sulphates of iron and aluminium, is 
determined by tilratioh in the cold with standard Na^COj and phenolphlhalein. 

Lime Factor.— This is the number of grains of CaO which will react with, i gall, of water. 
The lime is added to remove temporary hardness, carbon dioxide, convert magnesium salts to the 
hydrate, and precipitate iron. The water is shaken up with excess lime-water for some time, filtered, 
and tlie excess lime determined by titration. 

Chlorine. —This has its origin in water and % wage, for the most part in the common salt either 
from mineral deposits or from household and manufacturing waste. Comparison of the chlorine 
content of a water with that of other waters in the general vicinity known to be unpolluted, 
frequently gives useful information as to its sanitary quality. 

The determination is usually made by .silver nitrate against standard salt solutions, using 
potassium chromate as indicator. 

Iron, Manganese, Lead, Zinc, Copper, and Tin.— For analytical methods and modes of 
separation, analytical text-books should be consulted. 

The Dissolved Oxygen is usually determined by the methods of Winkler, Thresh and Levy. 

Winkler’s method depends on the fact that man^nous hydroxide is converted by oxygen, in 
presence of alkali, into manganic hydroxide, which reacts, with hydrochloric acid to form manganic 
chloride ; this decomposes immediately into manganous chloride and chlorine, liberating iodine 
from a standard potassium iodide solution which is then titrated with sodium thiosulphate solutiorr. 

PutresdbiU^ is determined by the decolorisation of methylene blue, the relative stability 
corresponding to the lime required for reduction. Those that are blue at the end of four days may 
be given a relative stability value of 95, except when great accuracy is desired. 

In general, effluents having a relative stability greater than 90 may be discharged into any 
stream without danger of their consuming any of the dissolved oxygen of the water, because effluents 
of such high stability will retain oxygen indefinitely on exposure to the air. 

For details of analytical methods the student is recommended to consult " Standard Methods for 
the Examination of Water and Sew^e,” by the American Public Health Association, and Vol. 1 ., 
Part II. of “Technical Methods of Chemical Analysis,” by Lunge and Keane. 
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SECTION XVII 


ARTIFICIAL MINERAL WATERS 


By C. Ainsworth Mitcheli,, F.I.C, B.A. 
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AERATED WATERS 

Machinery, — In the earliest apparatus for saturating water with carbon 
dioxide, the gas was generated in a small vessel from sulphuric acid and chalk, and 
was forced, mainly by its own pressure, into a jar or banel containing the water. 



Fig. 1.— Carbonating Cylinder (Geneva Process). 


In Paul’s factory, in Geneva, in 1790, a pump tvas used to force the gas into 
a cylinder containing the salt solution, and this system of carbonating, which 
became known as the " Geneva Process,” is still used to a small ^tent in 
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modern mineral water factories, cliiefly iti cases where a small amount of liquid 
is to be carbonated. The same system is also used in br^eries for the carbonation 
of light beers, the cylinder being usually made of gun-metal. For most purposes, 
however, the Geneva process has been supersede by the continuous process 
which is based upon an invention of Hamilton (English Patent, 3,819 of 1814), 
the principle of which was soon after adopted by Bramah, Various modifications 
of Bramah’s machine have been devised, but the essential features of the original 
machinery have been retained. ^ 

The gas cartion thoxide comii^j from a gasometer or a generator is pumped by means of a force 
pump with a solid plunger into a cylinder, where it meets with a supply of water, which it saturates 
at the required pressure. Thence the impregnated water is conveytd to a bottling machine in 
which a related aihount of soda solution or ginp is introduced into the bottles, and the fdling 
completed with the saturated water. 



iTn. 2,— Hayward Tyler’s Continuous Process .Machine. 


The Gas Supply. — The carbon ^oaide for saturating the water is produced 
in a generator by the action of sulphuric acid or hydrochloric acid upon chalk or 
sodium bicarbonate, or as is now the more usual practice, tubes of liquefied gas 
are connected with the gasometer which feeds the soda-water pump, 

‘ The liquefied gas is sdinetimes derived from brewery fermenling luiw, but ds more freqiwntly 
obuined from tte, piodncts of the combustion of coke or duraial (see p. I41, section on ^^Urbon 
Dioxide). Natunn carbon dioxide is aim use<l in places where it is avmlaoie, and several of the 
sparkling mineral waters upon the iiniket have been impregnated with the gas which issues at the 
same time as the water from the rock. • ' ■ - 

The Pressure xtf iSaturaticHi.— In the mineral water factories a pressim: 
of upwards of 200 Jbs/ to.tbe square iadi-is frequently recorded upon the indkattws 
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the saturated liqujjl. In the case of the modern counter-pressure bottling 
machines, however, a much lower initial pressure can be used, and there is less 
loss of gas during bottlii^. 

As a rule the contents of a bottle of soda water will show a pressure of 55106 
lbs. per square inch, while the pressure in bottles of sweetened goods such as 
lemonade and the like will be considerably lower. 


Flo. 3.— M.icdonell’s Automatic bottling Machine, 


It is essential to good bottling that the carbon dioxide should be free from air. Otherwise the 
aerated liquid will rush violently from the bottle, but will become flat almost immediately. Well- 
made soda water can be poured quietly out of the bottle, and will continue to emit bubbles of gas 
for at least five minutes after opening. 

Natural Mineral Table Waters. — Many of the less saline mineral waters 
are bottled for table use, and in the case of some of them (e^., Apollinaris water) 
the ^ that issues naturally with the water is collected and used for impregnating 
the bottled product under pressure. In this way the water within the bottle will 
contain the same gas under approximately the same pressure as before it issued ; 
ftpmtheroek.i 
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The following table gives the proportions of the main constituents in parts per i,ooo in some of 
these table waters : — 


1 

Sodium 

Chloride. 

Sodium 

Sulphate. 

Sodium 

Bicar- 

bonate. 

Calcium 

Bicar- 

bonate. 

Mag- 
ne^iun ' 
Btcar* 
bonate. 

Iron 

Bicar- 

bonate. 

Silica. 

Potassium 

Bicar- 

bonate. 

1 

j Calcium 
Sulphate. 

Apollinaris •' 

0.438 

0.247 1 

2.015 

0.400 

O.85S 1 

0.084 1 

0,030 



Gerolstein ■ 

0.25 

aio 

0.89 

0-57 

0.45 


0.08 



fohannis - 

1.02 

1 0.03 1 

0.36 

0.74 

0.30 



■o.oi 


Sulis water - 

0.02 

0.03 


0.01 

. 0.02 

0.017 

0.04 


I-3> 


In addition to the Bath water, which is sold for table purposes under the name of Sulis water, 
scveinl spas Buxton and Malvern) now bottle their less saline products foe drinking purposes. 

Imitation Mineral Waters. -The early attempts to imitate natural .saline 
waters aimed at their preparation for medicinal purpo.ses. The water prepared 
by Bergman in Sweden, G. Paul in Geneva, and by Struve at his “ spas ” in 
Dresden, T,eipzic, and elsewhere, were manufactured in direct imitation of the 
natural mineral waters. 

In the case of Struve’s products, the coiuposition was based upon exact analyses of tlie natural 
waters, and it was claimed that the artificial products were equal in every respect to the originals. 

Gradually the demand for artiheiaf medicinal mineral waters declined, and although the recijtes 
for their preparation arc still to be found in the manufacturers’ handbooks, it is probable that at the 
present day they arc seldom made. 

Soda Water. —Originally soda water seems to have been made in imitation 
of the slightly alkaline effervescing natural waters. It then became an officinal 
drug of the Pharmacopoeia, and was required to contain 30 gr. of sodium bicarbonate 
per pint. Since i8g8, however, soda water has no longer been included in the 
Pharmacopoeia, and the proportion of sodium bicarbonate has been considerably 
reduced to meet the popular taste. 

Potash and lithia waters are also no longer official drugs, but the old 
standards of 30 gr. of potassium bicarbonate and 10 gr. of lithium carbonate per 
pint are still usually followed, since these preparations are definitely bought for 
medicinal purposes, and have not, like soda water, become popular beverages. 

Radio-Active Mineral Waters. — The discovery of the radio-activity of 
waters, such as those of Buxton and Bath, has supplied a probable explanation 
of the therapeutic effects of the class of waters that were formerly described as 
“ indifferent.” 

According to the estimallons of Sir William Ramsay, the waters of Bath have the following 
radio-activities:—^ 

Millicramine!, per 
million litres. 


Radium in water of the King’s Well - - • - • - 0. 1387 

Niton (radium emanation) in King^s Well • * • •1.73* 

Niton ,, „ in Cross Well - - - 1.19* 

Niton ,, ,, in Hetling Well ..... 1.70* 

Niton ,, ,, in gas from King’s Well .... 33.65* 


* These figures are the weights of radium capable of forming the amounts of niton found. 

Another method of measuring the radio-activity of natural waters is as follows : 
The amount of radium emanittion in a litre of water is first estimated. It is then 
distributed throughout a definite volume of air, which may be made to circulate 
through the liquid until charged with emanation, after which its effect upon an 
electroscoj^ is determined. The fall in potential during an hour is measured and 
calculated in electrostatic pnits. The result multiplied by i,ooo gives the number 
of “ Mache units.” 
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A special apparatus for testing waters by this method has been devised by 
Henrichd 

As a rule natural mineral waters do not show a very high radio-activity ; but the Joachimsthaler 
spring produces water that shows 14,000 Mache units. 

According to Landin,^ a suitable radio-active strength tor artificial radio-active waters intended 
for drinking is 10,000 units, while baths may be used at 200,000 units. 

In the preparation of artificial radio-active water a minute quantity of a radium salt is dissolved 
in a measured quantity of ordinary pure water, or of a water that is already radio-active. 

Bottles of special construction have recently been made to contain artificial radio-active waters. 

Brewed Goods. — Ginger beer has now become an essential branch of the 
business of the mineral water manufacturer. It is made by subjecting an infusion 
of ginger, containing sugar and citric or tartaric acid, to a limited fermentation 
with yeast. 

The finished beer, alter maturing in bottle, ought not to contain more than 2 per cent, of proof 
spirit, but if a wrong yeast is used, or the beer becomes infected with certain wild yeasts, the 
proportion of spirit may reach as much as 15 or 20 jicr cent. 

Other brewed products include non alcoholic hop ale and “ botanical beers,” 
such as horehound beer and the like. These arc made in a similar way to 
ginger beer. 

Bacteriological Conditions.— Although carbon dioxide is an antiseptic 
agent, especially when applied under pressure, the conditions under which soda 
water is bottled do not sterilise the liquid. A certain proportion of the bacteria 
that may be present in the water will continue to develop, although experiments 
made by the writer show that eventually the water will become sterile. 

If prepared under insanUaty condilinns soda water may show a high degree of impurity. For 
example, commercial samples have been found to contain over 1,000 micro-organisms per cubic 
centimetre, whilst B. coH communis could be isolated from i c.c. of the liquid. 

A main cause of the contamination is the old t>aste upon the laliels, which are removed from the 
bottles iiy soaking in hot water. It is essential that the water in tins tank should be kept distinct 
from the water used for cleaning and rinsing the ix)tties. However great the cate to prevent any 
contamination, sterility is not to be expected, but in well-made soda water the number of micto- 
otganisms does not reach too per cubic cenlimctre. 

Objectionable Fermentations. — In sweetened goods, such as lemonade 
and ginger ale, fermentation processes may be set up through the use of impure 
sugar or want of cleanliness in the factory. 

A mucinous fermentation which causes the contents of a bottle to gelatinise, is caused by various 
micro-organisms, including Bacillus viscosus saccharic B, gclalimsum heta^ and Lsuconosiac meson- 
Uraides. Wild yeasts introduced during the manufacturing process may cause an excessive pro- 
duction of alcohol, especially in ginger iieet, or may set up fermentations producing a bitter flavour 
or fruity odour. If air has access to a bottle of a brewed liquid, through a defective cork, there is 
also a strong probability of souring taking place through acetification of the alcohol. 

Metallic Contamination. — The principal metallic impurities to be expected 
in aerated waters are tin, copper, and lead. Tin may be derived from the action 
of acids upon tin pipes conveying the syrup to the bottling machines. The syrups 
used in the preparation of lemonade are strongly acid, and gt is therefore essential 
that the pipes and tin-lined machinery should be thoroughly washed at the end 
of each day. 

In most modern works, however, tin pipes are no longer used, their place 
being taken by glass tubing with rubber connections. At one time copper 
was a fairly common impurity in aerated mineral waters, but now that the interior 
of the cylinders is lined with tin, it is rare for copper to be present. 

.Lead is still not an infrequent impurity in sweetened goods, into which it is 
introduced with the citric or tartaric acid, which almost invariably contain traces 
of that metal. When it is present in soda water, which is very rarely the case, its 
origin will probably be found in the solder on the joints of tin pipes. 


^ Zoit. nngctv). Ckcm^, 1910, xxiU., p. 340. 


Chem. Zeii., 1910, xxxiv., p. 102. 
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Traces of iron may someti'mes be foiind ill soda waterj^ and will cause trouble 
from discoloration when any liquid containing tannin is “ihixed with the aerated 
water. It nmy be introduced as an impurity in the soda, or by contact of the soda 
solution with some iron object. 

The question of the detection of metaUic impurities in mineral waters, and in citric and tartaric 
acids, isdralt with by Budden and Hardy {Anafysi^ 1894, xix., p. i^), and by Tatlock {Ana^si, 
1908, xxxju., p. 173), who criticises the limit of 0.002 per cent, suggested in 1907 by the Local 
Gomnment B^rd as the m«imum {xrmissible quantity of lead in citric and tartaric acids. 

^ V araeoic occurring in mineral waters is. suggested by the facts that traces of 

that substance have been found in tartaric acid, and that glucose is sometimes used in the prepara- 
tion of the syrups for bottling. ^ 


The blocks illustrating this section have been kindly lent by Messrs Hayward Tyler Sr Co. 
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NATURAL SULPHUR 

Sulphur occurs in certain volcanic and other districts in the native state, the 
principal of which are Sicily, Louisiana, Japan, New Zealand, ^Vyoming, Russia, 
and certain districts in the Central American region. 

The deposits in Sicily are worked by the Government, who arc endeavouring to exploit the 
export of the sulphur rock. If this can be maintained of uniform quality and sulphur content. It 
should prove quite suitable for the production of sulphur dioxide. Those deposits which provide 
most of the Sicilian sulphur are not directly of .solfataric origin, but arc found in sedimentary 
deposits of Upper Miocene age,* in which they have been probably formed from gypsum, with which 
mineral they are intimately associated. Space does not permit of any further discussion of the 
ultimate origin of this sulphur. 

Extraction of Sulphur — During recent years the old wasteful “calcarone” 
method, now fortunately practically obsolete, of e.xtracting sulphur from the “rock” 
or mixture of materials with which it is associated has given place to other more 
scientific processes, of which the Gill kiln is perhaps the best known and most 
widely used. 

This furnace was patented as long ago as 1S80 and consists of a series of connecting chambers, 
which are worked together in series; the first contains a fresh chaige, and the last the residue of 
a former fusion. These chambers are circular in plan with dome roofs. Air is allowed to enter 

chamber containing the residue, becoming thus preheated j it passes through the connecting flue 
mto the where some sulphur is burned, and the heat evolved melts most of the remainder ; 

the hot i^^pien pass through a third and shmetimes fourth kiln, heating the chaig^ in those 
chambet^Kf^ndensing any sulphur vaTOur ; the draught is induced by means of a <^imney. It 
U evident that such a series of kilns can oe worked in regular rotation, as, of course, is the actual 
practice. 

For rich ores — 1.^., over 25 per cent S — the Gill steam liquation process is 
more economical The great advantage of this method is that the ore may be 


* Mitt. /mZ, viiu, p. 592. 
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maintained at that temperature at which sulphur possesses the lowest viscosity 
and is therefore most easily able to drain aw^ from the perforated kettle in which 
the ore is placed and heated. 

Sulphur is refined by distillation. For the manufacture of gunpowder it was necessary that it 
should be very pure, but now that gunpowder is becoming ob^lete, and improved melh^s of 
sulphur mining have been introduced, only a comparatively small proportion is further refined. , 
Whereas in 1905 there were some 1,720 mines at work in Sicily, there were only 476 in 1910, 
though the drop in consumption has only been from 427,719 to 391,971 long tons. 

Frasch Process. — Louisiana sulphur possesses a peculiar fascination for the 
technologist, as the difficulties in mining it have been overcome in a masterly 
and ingenious manner by Herman Frasch. 

The deposits in Calcaslen Parish, Louisiana, and at Bryan Heights, Brazoria Co., Texas, and 
at some other points in the gulficoastal-plain are said to be unique geologically. They are 
extensive domes, and even appear as such upon the surface. They seem to have their origin in 



Fiu. I.— Diagrammatic Section of the Louisiana Sulphur Works. 


the deposition from solution of deep-seated fluids in chimneys and pas.sages at the intersection of 
fault planes in deep strata ; possibly they are of sclfataric character. The domes are overlain 
by limestone, soft quicksand, and gravel (see Fig. j). 

The sulphur beds have an average thickness of 125 ft., and are covered over with 464 ft. of 
rock and soil (376 ft. of clay, gravel, and quicksands, and 8S ft. of limestone and soft rock). 
Beneath the sulphur bed is gj’psum with occasional layers of sulphur. Over 40,000,000 tons of 
sulphur are stated to be available. 

The principle adopted is to sink a tube well into the deposit, and pump down 
superheated water under pressure; this melts the sulphur, which is then raised to 
the surface by means of an air-lift. The sulphur is produced of about 99.9 per 
cent, purity. 

Fig. 2 shows a rough diagram of the process, which explains the action of the air-lift. First 
of all a well (not shown) of 17 in. diameter is sunk foV about 50 ft. Inside (his a i3-in. wrought- 
iron pipe (not shown) is sunk for about 250 ft. Next inside this is an 8-in. pipe, sunk right down 
{s$y ^ ft.) to the bottom of the sulphur beds. The pipe is perforated where it enters the sulphur. 
Superheated water is conveyed hv this pipe to the sulphur bed. Inside the S in. pipe is a 6-in. 
pi|^, which is unperforated. Superheated water is also pumped down this ppe. Inside the 
o-m. pipe is a 3-in. pipe (unperforated), through which the molten sulphur is raised to the surface. 
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Inside the 3-in. pipe is a i-in. pipe (unperfo^kd). throi^h which hot compressed air at 250 lbs, 
to the square inch is forced down to the sulphr bed. The superheated water melts the sulphur 
which collects in a pool at the bottom of the sulphur bed. The compressed air then forces this 
sulphur in the form of an emulsion (2.2., mixed with air) right up to the surface through the inner 
tube as shown. The superheated water in the 6-in. pipe serves to maintain the sulphur in a melted 
condition as it rises to the surface. 

When the well is exhausted the pipes are withdrawn. Sawdust is often intro- 
duced with the superheated water once the pool of liquid sulphur has been formed, 
since it prevents, to some extent, the flow of the quicksand water into the pool, with 
resulting lowering of temperature. 

After the exhaustion of the well the sulphur is replaced by sandy earth (sent 
down the pipes) in order to prevent subsidence of the surface. 

The output from one well may amount to 73,000 tons of very pure sulphur 
(99-93‘99'98 pet cent,). 400 500 tons per 
day can be produced ; the average amount of 
sulphur extracted is now about 250,000 tons 
per year, which requires the enormous supply 
of 2,500,000,000 galls, of superheated water 
per year. The total boiler capacity is now 
about 25,000 H.P., steam being run at too 
lb.s. Oil fuel (supplied locally) is used to the 
extent of 1,000,000 barrels per year. 

These boilers supply superheated steam 
to heaters, each 15 ft. high and 3 ft. in dia- 
meter. The water, heated to 60" C., is 
pumped into the heater, and has there its 
temperature raised to lyo'-iSo' C., being 
then forced under a pressure of 140 lbs. 
into the well. Since sulphur melts at it 5“ 

C., this water is hot enough to melt it. How- 
ever, only about i per cent, of the total beat 
is consumed in actually melting the sulphur, 
the rest going to heat the quicksand water, 
sides of the tubes, etc. 

The liquid sulphur, on reaching the sur- 
face, is poured through pipes into large 
wooden bins (constructed of beams), some 
65 ft. high and 250 ft. long and 150 ft. 
broad.' The sulphur is poured into the centre 
of these bins, and caused to spread in layers 
t in. thick. It cools rapidly enough for con- 
tinuous working. A series of bins may hold 
as much as 150,000 tons of sulphur. 

This process is only applicable to deposits containing 60-70 per cent, of sulphur, and so will 
not do for the much poorer Sicilian deposits. 

The Frasch sulphur now dominates the world’s markets, and commercial 
competition by Sicily with Louisiana would, it is stated, be impossible except for 
the alleged fact that the chief sulphur-producing countries have come to an agree- 
ment, so that' the Louisianian output is restricted, and Sicilian sulphur is able to 
realise a reasonable profit. 

The Ja|MUiese deposits are of the normal solfataric type, as also are those of New Zealand, 
and indeed of most other districts, and are mined and quarried in the same way as those of 
Sicily. 

statistics of Sulphnr. — The production of sulf^ur during recent years is given (n. 204) 
for the three greatest producing countries, together with an estimate of the world’s total 
output. 


Sulphur 



Sulphur 


^Sulphur 


Section through 

Fio. 2.— Section through Frasch’s 
Sulphur Pump. 
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Italy. 

U.S.A. 

Japan. | Total. 

1912 

3S7.S47 

1 

800,303 

... ' 

1911 

.414,671 

246,300 

52.064 1 

1910 

430.360 

259.699 

43. '55 1 

1909 - 

43 Si 06 o 

303,000 

36,317 i 817,608 

rgoS 

445.312 

312,700 

33.419 j 829.437 . 


RECOVERED SULPHUR 

Large quantities of sulphur are annually recovered from alkali waste by the 
Chance process, and from other sources of sulphuretted hydrogen by means of the 
Claus kiln, wherein partial combustion of the HjS takes place with the formation 
of sulphur and steam. 

Alkali waste (see this Volume under Leblanc Process) consists of a mixture 
of calcium sulphide, CaS, and calcium carbonate, CaCOj This remains beliind 
after the extraction of the sodium carbonate from the black ash by lixiviation with 
water. 

To every ton of .soda extracted, over i ton of this alkali waste accumulates, 
and the slow oxidisation of the sulphides, with resulting production of sulphuretted 
hydrogen and soluble sulphur compounds, made the presence of this alkali waste an 
intolerable nuisance. 

In the Chance-Claus process the alkali waste, mixed into a thin cream with 
water, is placed in high iron cylinders, termed “ carbonators.” Carbon dioxide, 
CO2, evolved from lime-kilns, is pumped into the first cylinder of a battery of seven 
cylinders. In cylinder (i) the COj neutralises the free lime, and changes the 
insoluble CaS (calcium sulphide) into soluble Ca(SH)2 (calcium hydrosulphide), 
thus 

aCaS •(- CO2 -t ItjO = CaCOj + CalSHh. 

No HjS is evolved at this stage. As the COj continues to enter, and at last 
is in excess, the following action takes place : — 

C3(SH).. -t CO2 + H3O = CaCOj + 2H3S. 

The gases escaping from the first cylinder contain about 10 per cent. HjS by 
^volume, together with much CO.j. They are collected in a gas holder, mixed with 
the theoretical amount of air, and led intoa Claus kiln for combustion (p. 219). This 
consists of a cylindrical furnace filled with layers of iron oxide, placed on gratings 
or beds of broken fire-brick, and the temperature of the whole is maintained at a 
dull red heat. The HjS under these conditions burns to sulphur and water, thus : — 

HjS + O = S + HjO. 

Once the action starts the iron oxide is maintained by the heat of combustion 
at a dull red heat. The yield of sulphur may amount to over 90 pet cent, of the 
totaf sulphur contained in the alkali waste. 

According to the Ceosns of Prodoction for 1907, from 20,000-30,000 tons were so recovered 
during that year in Great Britain alone. The carl be burned to SOj and made into HsSO, 
(see Eng, and Min.hurn., 5th Feb. 1913). 

The Tblogen Proceia. — It has long thonght possible to recover sulphur as such from 
smelter-smoke or other waste sutphor dicModc. During recent years Prof. S. W. Young, of 
S^foid University College, has conducted a pernsltnt research in this direction, and experiments 
have been c^rdu^isd at the Penn Smeltery on a feirly large scale. The reducing agent is oil-gas ; 
doubtless natimd ^ could alw be employed. A catalytic mass consisting of a special mixture of 
caldam sulphite and sulphide is used to increase the velocity of the reaction (see Young, Eng. and 
I9t3, p, 369). 
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Burkhciser has proposed to practicallj^fi|||- spent oxide in ‘the puriSeri leaving a residue of 
iron oxide in a sufficiently active state to awRI sulphuretted hydrogen easily. He effects this by 
passing air, diluted, if necessary, with some neutral gas through the spent material. Experiments 
hare been tried on the large scale, but they do not appear to have been, nor are they likely to 
be, com^tentW successful. 

Walther Feld devised an ingenious method for the recovery of sulphur as such Jrom the 
wlphuretted hydrogen contained in coal-gas. It is l»sed upon the production of sulphur in solution 
in a suitable oil by the mutual action of suli^ureited hydrogen and sulphur dioxide, the sulphur 
teing eventually crystallised out. 

The same inventor proposes to fix ammonia from coal^as as sulphate without the intervention 
of sulphuric acid, by means of metallic thic»utphate$ or polythionates. 

Neither of these processes is at work to any. great extent. Reference should be made to the 
original communications {J.S.C.I., 1912, p. 431 ; 1911, p. 1381 ; 1910, p. 352). 

A small amount of sulphur is recovered in the manufacture of collodion artificial silks, 

Properties of Sulphur.— Sulphur in its pure state is only slightly yellow in 
colour under normal conditions ; it is capable, however, of assuming a great number 
of “ allotropic ” forms. 

• The density of rhombic sulphur is 2.07, of molten sulphur 1.8, sp. ht. o.t 7I2. 
It is very brittle, but cannot be easily powdered with a pestle and mortar, because it 
becomes electrified by the friction. It is rather soft, being of a hardness equal to 2 in 
the mineral scale. It is odourless. The normal varieties are not appreciably soluble 
in water. It is a poor conductor of heat and electricity, and is therefore frequently 
employed as an insulating material. 

On heating it melts at 111.5° C.; forming a mobile liquid which on further 
heating becomes darker, passing through a reddish-browit to almost black, at the 
same time its viscosity increases enormously; heated beyond some 260° C. it 
becomes less deep in colour and less viscid. ^ 

Sulphur has an appreciable vapour pressure at ordinary temperatures, and 
consequently will distil with a large proportion of water, but it does not boil until 
444.8” C. is reached. Thermometers and pyrometers are frequently standardised 
and graduated by a determination of this. The ignition point of S in air or 
oxygen is about 257°-26i* C. (M'Crae and Wilson, Chemical News, 1907, 96, 25). 

Heat of combustion to SOj is 71,720 calories for monoclinic, and 71,080 for 
rhombic variety. 


Solubility.— Insoluble in water, slightly soluble in ether, alcohol, and ethereal 
oils. Very soluble in CSj {40 per cent in cold at 55° C., too parts of CSj dissolved 
182 of S). Soluble in light petroleum. Tar oil at 100° C. dissolves 50 per cent S. 
Benzene and toluene dissolve about 26 per cent. S at 100°. Dissolves in benzyl 
chloride (i per cent, at 0°, 55.8 per cent at 134° C.). 


Space does not permit of a detailed discussion of the various allotropic forms— at least seven— of 
sulphur. Rordc or roll sulphur is the commercial form which has been described, the sulphur in 
spent oxide is of the same nature. The former is usually exceedingly pure. The latter is hereafter 
to he described. Flowers of sulphur are mtnule crystals formed by quickly chilling sulphur 
'vapour ; it always contains a little sulphurous and sulphuric acid, even if carefully washed. The 
chief impurities in commercial sulphur are ash — usually originally present chiefly as gypsam and 
traces of bituminous matter, moisture, and adds, wbidi are always found in -both Sicilian and 
Louisiana sulphur. Arsenic is found in some recovered sulphur. 
a 

Uses of Sulphur. — The chief uses of sulphur are for gunpowder (now small), 
vulcanising rubber, dusting vines and hops to keep away disease, the preparation 
Of carbon bisulphide, for making calcium and magnesium bisulphite used in the 
manufacture of paper from wood^lp (see Martin’s “Industrial Chemistry: 
Oigtmic ”), and also as a food preserffative. a; 

It is estipiated ihajt 180,000 tons of sulphur are annually consumed for wood pulp manu&cture 
for puper, ^0 lbs, being used for each ton of wood pulp. - ' . 

The heav)^ cost makes the produc^n of SOa bisulphite fircnii iron pythes unable 

' to compete with from sulphur, since the bisulphite must be pri^ced in very dilute ^ 

solution close to pulp mills also pyrites SO^ usually contains some sulphuric acid, ^ 

j which would oMhe,wood pulj^^ . Qyer iqp,ooQ(:.|()^ of sulphur are used 
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in Europe alone for dusting grapes and hops. Powered ground sulphar (not sublimated) is best, 
since it adheres properly to »e Tines. “ Bordeaux B^ture ” (applied to plants) consists essentially 
of sulphur, copper sulphate, and various porous substances. 

Smaller quantities are employed in industrial organic chemistry, tanning, and 
medicine. 

Considerable quantities are still burned for the manufacture of sulphuric acid. 
This acid is particularly free from impurities, such as arsenic, and is known as 
“brimstone-acid,” though some so called brimstone-acid ” is not truly made 
from brimstone. 

Sulphur is also used in the bleaching of silk and wool by SO^, in the manufacture 
of ultramarine, vermilion, and other sulphides, in making enamels, and in making 
metal-glass cements (S -f Fe + NH^CI). 
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INTRODUCTION 

Sulphuric acid is one of the most important of chemicals, being an intermediate 
raw product essential in the manufacture of explosives, dyes, manures, acids (like 
hydrochloric and nitric), sodium sulphate (used in glass making), aluminium 
sulphate, mineral oils, etc. 

In fact, in almost every industry some sulphuric acid is used, and it has been 
asserted that the consumption of sulphuric acid by any nation is a measure of the 
degree of the civilisation of that country. This is certainly not strictly correct, 
but sulphuric acid forms the starting-point of, and is used in, so many different 
industries that there is a considerable element df truth in this statement. 

Statistics. — The exact amount of sulphuric acid made is very difficult to estimate accurately, 
one reason being that much of the sulphuric acid made never comes on the market at all, but is 
produced in the industry itself for its own use and is immediately utilised. 

It is safe, however, to estimate the w'orld's annual production of sulphuric acid, calculated on the 
basis of 100 per cent. H2SO4, as 7*8 million tons. 

According to the First Census of Production, 1907, p. 549, the total output in Great Britain 
fif sulphuric acid of 140* Tw. k put at 1,459,000 tons (5=1, 123,200 tons of 100 per cent. H^04)} 
of this Lunge, in 1903, estimated that from burnt pyrites 1,044,000 tons of lOb per cent. HgSO^ 
were made, and 80,000 tons from other raw materials such as brimstone, etc. 

The total amount put on the market in Great Britain in 1907 for sale was 548,000 tons. 

3,750,000 tons of sulphuric acid of 50*' Be. were produced by the United Stales in 1913, this 
being exclusive of brimstone acid. 

Germany produces about the same amount of suljdiQric acid as England, vi2. , over 1 ,000,000 tods. 
France produces about 600,000 tons. Austria-Hungary, Italy, Be^um, each about 200,000 tons; 
Russia, about 1^000 tons; Japan, 50,000-60,000 tons. 

Germany in 1904 made 7to,ooo tons (100 per cent. HgS04) iron pyrites, and 150,000 tons 
out of zinc blende, about 20 per cent, being made according to the contact process. 

In 1878 the whole production of Europe barely amounted to 1,000,000 tons. At the present 
time it may amount to 4,000,000 tons. 

This enormous increase in the last three decades is due to the great development of chemical 
industry, and lio doubt was occasioned by legislation which forced on manufacturers the condensation 

of the SO2 evolved in ore-roasting operations. 

The development of the superphosphate industry— caused by the growing demand for fertilisers . 
throughout the world— also been largely instrumental in causing the development of the 
sulphuric acid industry. In 1913 sulphuric acid sold at about 25S.-355. per ton of 6o’-66^ Bd. 
(I4 o''-i 62 *’Tw.). 


General Methods of Production 

Sul(>hunc acid is usually manufactured by the oxidation of sulphur dioxide 
arid absorption of the resulting SO, in water, or by methods which amount to that 
in the end. ' , ■ . , 

SO, + O + H ,0 = H,SO,. 

,The oxidafen 6f sulphur dioxide, or of its solution in water, is very slow under 
nonnaijl^tioris, and va^bus means have been used to increase the velocity of 
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Two main methods are used of increasing the velocity of reaction : — 

(1) By Employing Oxides of Nitrogen. This is the oldest and 

best known process, being usually termed the “ Chamber Process.’ 

(2) By Employing Solid Catalysts such as Platinum, Iron 

Oxide, etc. ; this is the so-called “ Contact Process.” 

The old “ Chamber Process '* yields diieclly a dilute “chamber acid ” of 5 o''- 55 '’ (=62-70 

per cent. H2SO4), a “ Glover acid*’ of 60* Be. ( = 75-82 per cent. HgSOj), and, by methods of con- 
centration, an acid of 66” Be. (=93-97 per cent. H2SO4). 

The Contact Process, on the other hand, produces more concentrated sulphuric acid than this, 
the main product being fuming sulphuric acid, which is often diluted down to form sulphuric acid 
of 100 per cent, HgSOj. 

Although the amount of sulphuric acid produced by the Contact Process is increasing, neverthe- 
less by far the greater part of the acid made to-day is produced by the Chamber Process. In fact, 
the Contact Process has served to stimulate the Chamber Process, and such great improvements in 
working details in the latter have been made, in the last few years, that it seems unlikely that 
it will be super^ded by the Contact Process, so far as the making of dilute sulphuric acid is 
concerned. 

The leatj chambers employed in the old Chamber Process are now being replaced by methods 
of intensive working in towers (Opl and Griesheim). , 

Raw Materials used for Sulphuric Acid^ Manufacture.— At one time 
sulphur (see Section XVIII.) was the raw material most used for burning to sulphur 
dioxide. At the present time, however, the sulphur dioxide is mostly produced 
by roasting iron pyrites, and to a less extent from the melting of zinc, lead, and 
copper ores. The following are the principal raw products used in the manufacture 
of sulphuric acid 

1. Sulphur (see Section XVIIL). 

2. Iron Pyrites.— Iron pyrites (FeSj), containing 53 per cent. S in a pure 
condition, has, of all heavy metal sulphides, the highest sulphur content. That 
usually calcined contains 43-48 per cent. S. In order to burn satisfactorily for 
sulphuric acid manufacture it should contain not less than 35 per cent. S. 

The principal country producing pyrites is Spain, most of the ore coming from the Huelva district. 
It is cupriferous (2-4 per cent. Cu), and the copper is usually extracted by the wet process. The 
Tharsis mine is approaching exhaustion, but vast quantities are still known to exist at the Rio 
Tinto mine (or quarry, as it really is now), though the copper values diminish as the depth 
increases. Next m order of production are Norway and the United Slates of America. Valuable 
deposits occur in Rus.sia and Canada. 

The statistic.s for the world’s production of p)'rites are most misleading) as most of that from 
the Huefva district is returned a.s copper ore. They are as follows:— 



Spain. 

Portugal. 

Norway. 

U.S.A. 

Total. 

1912 

1911 

1910 

1909 

V 1908 

500.000 

344.879 

294,184 

236.000 

263,457 

601,443' 

282,773 

312,906'' 

284,735 

81,417 

430.000 

350.000 

322.000 
282,606 
269, 1 29 

342.655 

299,904 

227,280 

213.371 

209.774 

1,826,854 

1,730,000 

1,854,849 


Enormous quantities of pyrites are annually imported into the United States of America, the 
6gure amounting to about 750,000 tons, in order to provide acid for the extensive fertiliser and 
other industries. ’ 

Pyrrhotite contains a smaller proportion of sulphur than pyrites, but more than copper 
pyrites (CuFeS^), and is therefore suitable for use for the production of SOj. Considerable deposits 
occur in Virginia. 

Marcasite has Ihe same chemical composition as pyrites, but has been formed in a different 
way and is of different crystalline form and properties \ there are no massive and considerable 
deposits known of this mineral. 

3 - Zinc Blende. — Max. Hasendever pointed out that it by no means follows 


^ Includes 120,148 cupreous ore. 

® Total shipments of pyrites from Port of Huelva during 1910 = 2^ million tons. 
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ipvit is:<n«sipelf to nwnufacture sulphuric acid from blende than from pyrites, 
i even granting that, the sulphur has not to be actually paid for. However, in 
iGermany legislation has been recently introduced restricting the amount of acid 
which may be discharged into the air, and consequently a large amount of sulphur 
■formerly wasted is being turned' into sulphuric acid with profit. In the United 
States of America the Hdgeler mechanical furnace has been employed for many years, 
and the amount of sulphuric acid produced in that country horn zinc blende was 
oyer 250,000 tons during tgii. 


By far the greater proportion of the zinc which is prodnced is derived from tine blende, which 
conains about one-third of its weight of sulphur. It is, therefore, of some interest to include thg 
statistics for the world’s production of this metal, this being a most valnable guide to the amount 
of sulphuric acid derivable from thia source. ' 



U.S.A. 

Germany. 

Belgium. 

Total. 


Tons. 

Tons. 

Tons. 

Tons. 

1912 

316,368 

205,940 

271,064 

976,872 

1911 

268,378 

195,102 

235,776 

881,886 

1910 

251,348 

172,578 

227,754 

824,973 

1909 

241,730 w 

167,100 

219,766 

784,199 

1908 

190.933 

161,940 

216,490 

718,160 


4. The most important other metallic sulphide, regarded as a source of sulphur, 
is galena, lead sulphide (PbS). 

Daring recent years the Dwight-Lloyd farnace for requiting galena has been installed in the Slates 
and in Germany, where even “contact” add is made from the smeller smoke— after due 
purification. The Huntington* Heberlem pot furnace has also permitted the useful turning to 
account of some of the sulphur in galena. Regarded as a source of sulphuric acid, h is interesting 
to note that over a quarter of a million tons of sulphuric acid should l)e producible from this ore 
in the five principal producing countries. 

5. The Spent Oxide of gas works consists mainly of a mixture of sulphur, 
j^ydrated oxides of iron, some undecomposed sulphides, sawdust, and some or^nic 
impurities. The sulphur content may vary between wide limits (25-80 per cent). 

It can be readily burned to SOj, or the sulphur can be distilled or extracted. 

In large cities, such as London, Manchester, etc., considerable quantities of sulphuric acid 
(some 30,000 tons M.^SO^ in London alone) are pri^uced from this material 

Salphuretted Hydrogen is produced mmnly in the Chance process of working up alkali waste 
and in the sulphate of ammonia saturators, where it comes from gas liquor. Gas containing as 
low as 15 pec cent, of [^2^ 75 P®f cent of COg can be satisfactorily burned to SO^ in 

properly designed furnaces. The gas may, as an alternative, be partially burned in a specially 
designed furnace— the Claus kiln— and the sulphur recovered as such ; U is, however, of rather 
poor quality, and cannot usually compete with refined SiciUan or Louisiana sulphur. 

6. Nitrates— Until recently the only source of oxides of nitrogen for the 
production of H2SO4 was the well-known Chile saltpetre of commerce. 

At the present time there are three other sources of nitrates which wc have to consider ; they 
are those produced by the oxidation of atme^heric nitrogen in electric furnaces of 'lhe Birkeland- 
Eyde, Scbdnherr, or PauHi^ the fixation of nitrogen by means of metallic carbides, and by 
the catalytic synthesis of ammonia, with the poduction of nitric acid from Uie two latter by the 
Ostwald process. The forms of nitrate which are available Vp the sulphuric acid manufacturer 
: ate i therefore, (i) nitre, the Kfined quality is usually employed ; (2) calcium nitrate, or an impure 
sodium nitrate i (^) nitric acid, the fast-mimed bein^ available only if the iketory be sitnatea in 
immediate proxioiity to an Ostwald plant or nitric acid works. 

. Analysis of Raw Materials 

Tlie e^unioattott analjM of the raw materials is best conducted as follows, though 
there ar^ oi course, many modifienticos and other methods 

satA aetoUic mlpludes are aQal)M by detennining the moisture in the 
Ofdipi^ way; aod baRm^n^ die weigoed quantity in a porcelain dr silica boat In a glazed porcelmii, 
- materlai and through bromine water. The resultmg 



■ stllphmic acid is estimated spent oxide, and eUier'rources ofsulphu?'' 

in which the sulphur is noj ccftnWhedi ab^e ‘method may be employed, or a aiitahle solventj'^*'' 
such as carbon bisulphide or benzol, may be us^ to separate the sulphur.i* A most acairate and 
rapid method introduced by J. Foucar consists in the digestion of the sampfe with alcoholic sodium 
cyanide, and titration of an aliquot portion of the resulting sulphocyanide- The results are 
ust^lly returned in percentages. More than i per cent, of organic matter soluble in CS2 in spent 
oxide is obnoxious and can be avoided. * 

Even at the present day a most unscientific method of analysis is still to a great extent employed 
for the analysis of nitre. According to this method the sum of the sodium chloride (estimahlje by 
titration with standard silver nitrate) and sodium sulphate (estimable gravimetrically with barium 
chloride) is called the refraction. It is assumed that the r^t is sodium nitrate, which, as a matter 
of fwt, is practically never the case. What the user generally wishes to know is the actual amount 
of nitrate present. The most rapid method of estimation is by means of Lunge’s nitrometer, in which 
a strong solution is made in water, run through a stop-cock into a graduated burette over mercury, 
strong sulphuric acid added and the volume of NO evolved determined- There are, of course, a 
number of other methods, of which one at least is convenient and rapid ; it consists in the oxidation 
of an excess of ferrous salt and titration of the residual ferrous salt. For some purposes it is necessary . 
to know the amount of perchlorate present. 


Roasting Processes for Producing Sulphur Dioxide for the 
Manufacture of Sulphuric Acid 


The sulphur dioxide (SO^) produced for oxidising into sulphuric acid may be 
obtained by burning iron pyrites, or by routing zinc blende, galena, and copper ores. 



For making very pure arsenic free sulphuric acid sometimes sulphur brimstone 
is burnt. Iron pyrites, zinc blende, etc., nearly always contain arsenic, which can 
easily find its way into the acid produced therefrom. 

The usual process is to roast the iron pyrites in a stream of air,' when the 
sulphur burns to SO, (also- some SO, is produced), and a residue of iron oxide. 
(Fe.Og) remains behind. Some ferric sulphate is usually produced, which, at 
600” C., completely decomposes to Fe^O, and SOj, or SO., and O. 

Pyrites rich in sulphur will, when once inflamed, continue to burn without need 
of an external supply of heal, until almost all the sulphur has burnt out. 

Pyrites Kilns. — The pyrites is crushed, sieved, and the pieces, usually' the 
size of walnuts, are burnt in “lump pyrites kilns,” while the fine dust is burnt in 
mechanical fumes of another construction, described below. 

Fig. I shows an ordinary hagd-fired lump pyrites kiln, which Is now practically obsolete. 
They are united in batteries of ten or more. A deep bed of pyrites rests on a rectangular or 
polygonal set of bars, and is burnt by air streaming up between the bars from below. The ash 
can be removed from time to time by shaking ot rotating the bars (either by hand or mechanically) 
through 45” (whereby the space between them is increased), when the ash falls through the bsus 
intd the Rsh compartments (a). 

As the pyrites burns away, fresh hunp pyrites is thrown into the kiln through b. The gases, 
rich in SO2, stream away into the due dust canal (/) to the Glover tourer. 

It is very important that only the right amount of air is allowed to enter. The air supply is 
regulated by means of a sMng door c. i and rfare closed by air-tight sliding doons. ' 

The burners require some skill in handling, as with imperfect or irregular . 
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admission of air sintering may take place, and the sulphur content in the ash may 
also increase to a high figure. ’ 

The furnaces for treating the crashed or powdered pyrites usually consist 
of a series of superincumbent shelves, from which the ore is worked down in 
succession either by hand o^ mechanically (Maletra type of furnace). 

Fig. 2 shows a Herreshoff mechanical furnace. It consists of a cylindrical furnace, about 
2 metres high, built of refractory brickwork, enclosed in a strong steel casing. Inside are a number 
{usually ^ive) of circular shelves d, which are gently inclined as indicated in the figure. These are 
also made of refractory material. A vertical air-cooled shaft 6, with cast-iron rakes or arms r 
attached, and driven by a cog-wheel i, placed below, causes the ore to traverse the shelves. 

The finely crushed pyrites, entering through the hopper c, is poured in a regular stream by 
means of a worm on to the uppermost of the Selves, thence it moves downwards as indicated ])y 
the arrows, from shelf to shelf. All the while it is subjected to the action of an uprising stream of 
air, so that in its. passage downwards it is burnt and discharged as ash at/, while the SO2 rich gases 
escape through k. 

In order to cool the shaft {which otherwise undergoes rapid corrosion) holes are made at the 
base {shown at k and /), and a current of cold air streams up through it. The rakes r are made 

easily detachable so as to be renewable when 
worn out also Figs. 3 and 4 for modern 
types of air-cooled shafts and raking arms). 

The operation is started by heat- 
ing the furnace with coke or coal, but 
later the burning of the sulphur in 
the pyrites supplies sufficient heat to 
maintain the combustion. The shelves 
are provided with a series of ports (for 
air admission) and doors (for repairs). 

One disadvantage of this furnace 
is the fact that the burner gases bear 
with them much dust, which must be 
held back by means of large dust 
chambers and special “gas filters” 
made of coke. 

Improvemenis introduced by the J. L. 
Koucar consist in the provision of a dns 
chamber over the top of the top working 
bed and a telescopic dust • sealed burner 
pipe. 

The former completes the combustion and 
prevents sublimation — a difficult thing to 
avoid when using high pet cent, spent oxide 
—and causes the deposition of a certain 
amount of dust. The latter prevents frac- 
ture of the cast-iron pipes and connections 
or distortion or worse of ihe brickwork on account of expansion and contraction by heat. 

The Wedge Mechanical Roasting Furnace (Fig. 5) is of the same 
type, and is probably the best for large tvorks, individual burners being now con- 
structed to calcine up to 40 tons of pyrites per twenty-four hours. 

In this burner the central column and rotating arms are water-cooled by means of pipes of 
ample size passing down the large hollow shaft from a circular water tank fixed on the lop of the 
central shaft. This central shaft is wide enough and at a low enough temperature to enable a man 
to get inside and fix on a new arm (when necessary), without stopping the furnace for more than a 
few minutes. The fastenings and water connections are all inside the shaft, and the temperature 
of the water in the arms may be regulated in accordance with the temperature of the particular 
'hearth in which the arms are working, the arms being quite independent of each other. Only the 
water pipes of the arm which has to be exchai^ed have to be disconnected. These watcr-coolcd 
arms last very weU and the cooling is very effective. 

Tlie heiM^f which vary in nuralier from five to seven, are horizontal on their upper surface. 
The tiirough the same port from shelf to shelf that the gas comes up through. The 

ch^^l^^Mraagements are very simple: 

S Harris Furnace (Figs. 6, 7, 8) consists of two .series of adjacent circular 
hearths, so arranged that the ore from one hearth becomes swept 





Fig. 2.— Herreshoff Mechanical Furnace 
for Pyrites. 
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into the one adjacent to the hearth beneath, then back. It is specially designed 
to diminish the amount of dust usually carried forward by mechanical burners, and 
is said to effect this in a very satisfactory manner. 

The course of the gases is a little difficult to follow without a complete series of drawings. The 
flues are so arranged that all the gas may be led through the dust chamber, or one or more sections 
maybe by-passed for repairs. 

The rakes are slipped on water- 
cooled projections of the water- 
cooled shaft, the design of which is 
distinctly simple and ingenious. 

It is particularly claimed for this 
furnace that the dust is a minimum 
and that the costs of repairs are low, 
siich few repairs as may be necessary 
being maile without stopping the 
furnace. 

The number of mechani- 
cal calciners is no\^ literally 
legion : amongst others may be 
mentioned the O’Brien, the 
Moritz, the Lurgi, the 
Scherfenberg, the Frasch, 
the Thorna, the Ducco (an 
inclined tube), and the Wyld. 

The authors do not consider that 
mechanical furnaces have nearly 
approached finality in their design, 
much room for improvement remain- 
ing, particularly in the directions of 
the reduction of dust, the simplifi- 
cation of the cooling arrangements, 
or by the provision of central column 
and arm.s coated with or formed of 
some material upon which sulphur 
has no apprecialde action, the 
preheating of the air and its admis- 
sion through the teeth of the rabbles, 
the improvement of mechanical 
means of handling both raw and 
calcined material, the arrest and 
removal of such dust as cannot be 
prevented. 

However, in any new installa- 
tion it almost invariably will be 
found better to crush the ore, if re- 
ceived in lumps, and instal mechani- 
cal burners, than to employ the old- 
fashioned lump-burners. 

The chief advantages of 
mechanical burners are simplicity 
— requiring no appreciable skill in 
handling — cheapness in working, 
regularity. Their disadvantages are 
the high initial cost and the necessity 
of installing some kind of power. 

It is important to note that spent 



Fig. 3. — The “ Harris” Patent Water-cooled Flanged 
Arm and Shaft for the Wedge Furnace. ( 5 ee p. 212.) 


oxide from gas works containing from 80 per cent, of S, down to as low as 0.25 per cent. S, can be 
burnt in three shelf burners of this type. 


The residue from burnt pyrites, also from burnt “ spent oxide,” still contains 
“•25 to 3 per cent. S. If the ore contained lead or zinc, the percentage of sulphur 
may be much higher than this. Also arsenic is usually present. These impurities 
made the " burnt ” iron oxide very unsuitable for iron smeltins and it was usually 
“dumped.” 
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Now it is bcin^used in part for the manufacture of ct^pens or ferrip sulphate for sews^e 
-treatment, or the residue from the burrit “spent oxide’* is neutralised with time or ammonia 
and used again in the gas world’s purifiers. The a<^ion of the latter is slow, but in time it seems 
to recover. . - - i . • ^ 

; The burnt pyrites can now be put into a form in which it cin be used in the blast furhace. 
Tor this purpose it is treaty in a noduliiung kiln and the sulphur is reduced to a trace, ; This 
' « effected either by the use of aiunder or flux or without. The kilns are long inclined tubes 

' with" refractory linings not unlike 

Cement kilns ; they are flred with 
waste gas, where that happens to be 
available.' In view of the world’s un- 
doubted shorty of iron ore, of the 
enormous quantities of pyrites cinders 
which are ootainable, and of their being 
usually low in phosphorus, these nodttl- 
ising processes are of great import- 
ance. 

When the burnt pyrites contain.^ 
copi^ei it is usually worked for this, the 
.sulphur l)eing withdrawn from the ore 
along with the copper in the form of 
copper sulphate. In this case the re»- 
dual iron oxide Is pore enough to be 
smelted for iron in the blast furnace. 

The rinc-rich German pyrites, after 
burning, leaves a residue from which 
zinc sulphate is extracted by lixiviation 
fOker), which is used either for the 
manufacture of electrolytic zinc (Brun- 
ner- Mond process) or for Lithopone 
manufacture (sec Martin’s “ ludu-strial 
Chemistry ; Organic,’-’ under Colours). 

.The employment of enriched air, 
/.f., air containing more than 21 yiet 
cent, of Ojj, may found to be profit- 
able, particularly in the calcination of 
.some ores of low sulphur content. The 
cost now, by fractional distillation of 
liquid air, is comparatively small. 

Iron pyrites forms the main 
raw material for the production 
of sulphuric acid. However, 
owing to the rise in price of 
pyrites, sulphuric acid manufac- 
turers have turned their attention 
to other mineral raw materials, 
amongst which zinc blende, 
copper ores, and lead sul- 
phide (galena) may be men- 
tioned. The SO2 rich gases 
evolved from furnaces working 
these ores for the metals are now 
no longer allowed to escape into 
the air and damage the surround- 
ing vegetation, but are to an in- 
creasing extent used for the 
' manufacture of sulphuric acid. 

* In this case, howev^, it must be remembered that the main object of the operations is the 
pTodurtl^ of the metat^' ziac,-lead, Md copper, the utili&tion of the gases evolved for sulphuric 
acid jna^^lhrtnre being of secondary importance. 

Zitic blende (ZnS) is largely worked in Germany at Stolberg arid Lipme. 
The'oiie is roasted at a leinperature of 9oo’-i,ooo* C, when the following 



’ Fig, 4. — The “Harris”: Patent Air and Water 
Cooled Stirring Arm and Shaft for-the Wedge 
Furnace. (Scep., 3 i 2 ^) 
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At temperatures lower than 900" we get ZnSO^ formed, whr^eas at tempera(.urra; 
over 900° this decomposes, thus : — 

“ ZnSO, = ZnO + SO 2 +t'0. 

Owing to the small sulphur content of these zinc ores (33 per cent. S when pure, 


Fio. 5. — Wedge Mechanical Roasting Furnace. (See p. 212.) 


under 20 per cent. S in actual practice), it is necessary to supply external heat in 
calcining zinc blende, so that here pyrites roasting furnaces are inapplicable. 

In Germany a hand-raked muffle shelf furnace— the Rhenania— is largely 
used, in which the zinc blende gases are separately led off without mixing with the 
gases from the fire supplying external heat to the furnace. These zinc blende 
furnace gases, containing 5-7J per cent. vol. SOj, are sometimes led into the 
leaden chambers, but it^is better to pass them into a contact apparatus, for 
ijconversion into sulphwiaacid^ 


2,6 %ND US TRIA L CHUM IS TR Y 
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Figs. 9 and 10 show the ainc blende roasting furnace Rhenatiia. The furnaces are long 
rtufflil, built together in pairs, and separated by a dividing wall (Fig. la). Each furnace contains 
three muffles^ A, n, c» lying one over the other, in which the zinc blende (introduced by the funnel 
T) is gradually worked down from inuffle to muffle by raking through the doors a, a, a. The fire 
rases for heating and muffles stream above, below, and between the muffles by means of the canals 
r,^, i. R is the fireplace, the hot gases from which, after effecting their purpose of heating the 
muffles to 9CX)°-i,ooo^ C., stream away through j to the chimney, without mingling with the bOg ; 
rich gases come from the muffle. , . , , r au 

The air is allowed to enter the lowest muffle c at one end, and the burner gases from the 
muffles pass into the dust chamber k and then pass to the Glover tower (or contact apparatus) for 
conversion into chamber sulphuric acid. 

The burnt zinc blende, consisting of zinc oxide (which must be burnt free from 
sulphur), is raked out from time to time and smelted for zinc. 

In tbe United States the Hegeler mechanical furnaces, which are also rectangular shelf-lairners, 
have been user! for some years. In Germany the Lurgi mechanical furnace for zinc blende is m use. 



Fig. 6.— Harris Mechanical Roasting Furn.ace (8 Shafts, 4 Hearths (4 Sections)). Front 
View showing Mechanical Feed Tables and Hop|)crs, Elevators, etc. Roasting 
Capacity, 28 tons i'yrites F'ines per twcnty-fvur hours. (See p, 2IZ.) 


The treatment of lead ores (usually galena, I'bS) is somewhat different, only 
part of the sulphur being recoverable as SO^. 

Until recently the lead ores were first partially roasted and subsequently melted, 
and a blast of air blown through a layer of about i metre thick, such processes 
being the Huntington-Hcberlein and Savelsberg. 

Doriag the last few years Messrs Dwight aad Lloyd have introduced a method whereby a 
thin uniform layer of the materials to be sintered Is fed on to the perforated bottom of a conveyor, 
the charge is automatically ignited on the underside, and the sintering proceeds right through the 
layer, the necessary heat being supplied by the sulphur in tlic ore or by added carlwn. This 
process is applicable not only to lead ores but also to copper and iron sulphide ores and flue dust. 
The type which is now roost popular is tbe ** straight line.” The gas from this sintering roaster 
contains 4-7 per cent. SO^, and is l)eing used lor tbe production of sulphuric acid in Germany. 
This lumace has been further improved by yon Sbippenbach. The chief diflereoces between 
it and the Dwight-Lloyd arc ; (i) The roaster*gas is so regulated that 4-5 per cent. SOg is con- 
tinaally separated from that f^ontaining only 0.2 per cent. ; {2) the thichness 0/ the bed is only 4 in. 
instead of 10 in. ; (1) tho a different construction ; {4) the ore is first rough rmsted, as in 

the Huntii^t^-^l^c^^piihcess. 
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In the Dwight-Lloyd process the partially roasted material is finally reduced in^.blast f^irnace^ 
the gases from which can be, and in many cases are, employed for the production bfsulphuric acid. , 
Dr Hasenclerer estimates that go per cent, of the sulf^ur contained in galena should be recoverable 
by this process.' 

The gases contain, of course, some 5 or 6 per cent, of COg and a large volume of dust, which 
has to be removed. 

. It has been estimated that if all the lead ores smelted in Germany were, to l)e treated in this 
way, they would yield about 40,000 tons of 
sulphuric .acid of 60' B. annually. In England 
the production would only be about 6,000 
tons ; in Belgium, 18,000 ; in France, 12,000 ; 
in Spain, 75,000 ; and in the United States of 
America, from 100,000 to 200,000. 

In the case of copper pyrites 
(CuFeSo) only part of the sulphur can 
be recovered as SO, for sulphuric acid 
manufacture. 

Hhe furnaces employed for smelt- 
ing copper, and from whicli the gases 
are* utilised for the manufacture of 
sulphuric acid, are principally of the 
water-jacketed blast furnace type, ex- 
cept, of course, where the copper 
content is low. Some sulphuric acid 
is also now recovered from the fur- 
naces, reducing the “ matter.'* 

In the blast furnace it is important that the 
smelter should l>e of large size, otherwise the 
heat losses are relalivelv great that ii is not 
(Mssible to reacli a siilficieiilly high tempera- 
ture to thoroughly melt the matter. One of 
the main advantages of the blast furnace is 
that the heal of combustion of the mineral 
is usefully employed, ind much fuel is save<l. 

The chief disadvant^e is that the process 
cjin only be usefull)’ employed where the ore 
is in lumps. However, the Dwight-Lloyd 
straight line sintering roaster has succcs.sfully 
solved the problem of the treatntenl of fires 
in the blast furnace. 

According to present practice a small 
amount of coke is still employed in the 
smelter, which consists of a water-jacketed 
silica-lined shaft, to which hot-air twyers are 
fitted. The furnace is fed with a mixture of 
the ore, silica, and coke. The iron and 
sulphur are burned, the former forming a 
fusible slag with the silica, and the latter is 
removed a.s gaseous SO.^ ; the copper i.s re- 
covered as a molten "matter” consisting 
mainly of copper and sulphur, and contain- 
ing up to 50 per cent. Cu. The best known 
of these blast furnaces is the Mathewson. 

The gases contain a la^e quantity of dust, 
and usually some proportion of arsenic; they 
contain at the works of the Ducktown and 
Tennessee Copper and Sulphur Co. 3^ per 
cent. CO2 and 3J per cent. SO^. At these 
works over r6o tons of acid per day are recovered in this way by the smelting of copper pyrites. 
It is, of course, usual to work a number of furnaces together, otherwise wide variations in the 
composition and temperature of the gases are inevitable. 


Sulphur-Bumers.— Quite another type of fbrnaces are those in which sulphur 
is burned for producing sulphur dioxide, either for the manufacture of special “arsenic- 
free " sulfdiuric acid, or for the manufacture of sulphurous acid and sulphites (p. 253), 
for bleaching, disinfecting, and the manufacture^of wood pulp for paper. 



Fig. S.— Harris Mechanical Furnace— Cross Section. (See p. 212.) 



Fig. 9. — Lcingitudinal Section of Rhenania Furnace for Ronsting Zinc Blende. (See p. ai6.) 



• ftc. 10.— Cross Section of ^Uie^aim FtsttMie for Rrmting Zinc Blende. (See p. 216.) 
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\ - general- ty[>es tfE jpmace in which sulphur is biimed^f these one^ 

fjntentionally volatilises the sulphur and ensures complete combu^ion of ‘the gas, 
:^e other burns some of the sulphur, and coSdpnses th^ portion 'whieh is volatilised 
but fto^ burned. Of these there are again' wb-types. 3 

‘ 6rst type the most noteworthy is the T^l^ee and Pauli ^ It <j>n5ists of a horizontal, 
cylmdrical, lined iron shell 8 ff. long and 3 ft» in diaitneter, with conical ends, making one rcvolu- 





tion in two minutes. Al one end is .1 hopper and worm-feed with sliding dampers, at the other a 
rectangular cast-iron box of .^7 cub. ff. capacity, provided with sliding damper and vertical uptake, 
which leads to a brick dust-catcher. The sulphur is fed in lumps which melt just before dropping 
into the body of the burner, and a complete liquid coating is former) on the inside of the shell as it 



Fig. 12. — Claus Furnace for Btwning Sulphuretted 
Uydre^en. 


revolves. The combustion box and vertical uptake complete the combustion. The furnace, box, 
and uptake are alt lined with refractory material Using 9$ per cent. Txtuisiana sulphur, it is only 
necessary to clean out the dross which collects once in two months. The appliance will burn 
6,000 lbs. of S per day. 

Hand-fed burners of the first type are now completely obsolete, and will not be described ,* some 
of them employ secondary air to ensure the complete combustion of the sulphur. The writer has 
found this very saUsfsctory if such tdt be preheated. 

L ' Of the second type of furnace may be mentioned the Sachsenberg burner (Fig. 2). It is par- 
U^iarly suitable for the production of S 0 « in small quantities, and which is required to be as free as* 
from SOs, as is required for blc^hVg> in the manufacture of glue, in the refining of sugar, etc. 
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In starting up sulphur is ptac.^ inland ignited hy inserting a red-hot iron bar through the hole 
in the body (which, when working, is closed by a ]^ug). The hopper c and funnel E are filled wiiA 
sulphur, which melts and forms a liquid seal i^ F. Air is drawn through a, and the SO2 p^es out 
through E. The upper porti<ms oi the body and funnel are water-cooled. Compress^ air may 
be introduced into b to bum any sulphur WbUmed there. The slight coating of sulphur on the 
pipes, etc. , is found to effectually preser\'e them. A burner of this type, measuring only o ft. by 3 ft. , 
wul burn no less than one tmr of sulphur per twenty-four hours. 

Humphry’s Sulphur Burner is described on p. 255. See also p. 254 for a complete plant 
for SOj manufacture. 

Burners for the Combustion of Sulphuretted Hydrogen are exceedingly simple to construct 
once the elementary principles underlying them Imve b^n grasped. In the case of the ‘ ‘ waste ” 
gas from ammonia-saturators, it is of the utmost importance that the gas should be well cooled, and 
that as much as possible of the organic matter—lai^ly naphthaline vapour, ammonia, and cyanogen- 
should be removed. The gas should be burned in a series of Bunsen burners, care being taken in 
the design of the burner to ensure that thorough heating of the gases takes place before reaching 
the furnace. The most satisfectory furnaces are fwovided with secondary air and chequer-work 
partitions of refractory brick. The presence of iron oxide facilitates the combustion, which has to 
lie started by coal-gas, coke, spent oxide, or some other artificial means. The gas from the Chance 
recovery process can be burnetl, if desired, in the same type of furnace (see Fig. 1 2). A large excess of 
heat is evolved, which may be profitably employed for the concentration of acid or for other purposes. 


Flues, Dust Removal Appliances, Burner-Pipes, and 
Draught-Pipes 

The Flues for conveying the burner-gas are usually constructed of a special 
brick and lined witli an acid-proof fire-brick ; there is no reason why they should 
not be built of reinforced concrete. Ordinary brick is quite good enough, provided 
the flues are kept dry. Flues should be square, and as great a cross section 
as convenient; they should be short, so as to avoid condensation, and without 
bends ; such bends as may be inevitable should be gradual. The roof is usually 
formed of a special tile, such as those manufactured by Messrs Davison of Bi^ckley, 

It i.s most important to protect flues from the weather. It is even a good thing to jacket them 
with SAnd. The whole structure should l)e well provj(le<l with buck-sUiy.s, lie-rods, anil angle-iron 
clamps, so that it may not become unduly ilistorted. Those should not l>c burled in brickwork 
where they can corroile, hut be easily accessible, .so lhat they can l>c readily inspected, tarred, 
repaired, or replaced. The liasc of the flue is usually carrieil on cast-iron plates, and the^ in turn 
by steel stanchions or cast-iron columns. 

Dust is difficult to remove from hot gas. It i.s fourrd lhat horizontal surfaces, 
and a velocity not exceeding 5 ft. per sec., are best for the deposition of the dust. 
A properly designed stagnation chamber is all that is needed in many instances ; 
to be really effective, however, its cross section has to be very large. 

One of the most efieclive appliances for catching dust consists of a series of horizontal or vertical 
wires stretched between frames; each flue is provided with a pair of dust-catchers, either one of 
which can be used while the other is being cleared, either by means of shaking, an air or steam 
blast, or other mean.s. Dust can be satisfactorily removed by centrifuntiOD, but a high velocity is 
necessary for this. The appliance may lie constructed of suitable cast iron j now that it is possible 
to use efficient fans for driving the gases lietween the Iwrners and the first tower or catalyser, as the 
case may be, there is every reason why this method of dust removal should be used. 

For removing the la.st traces of dust, which is necessary in some contact 
processes, a series of asbestos mats with a filtering layer of slag or wood wool, or 
other suitable material, is used with complete success. 

The removal of dust is a big uudertaking, particularly in the recovery of smelter smoke. As 
explained elsewhere, the type of furnace usually employed is some kind of mechanical roaster 
or blast furnace ; in the latter very large quantities of dust are produced. This dost is sometimes 
settled in long flues, as at Freiburg and in Tennessee. 

An interesting process fur the precipitalion of dust is the Cottrell electrical method. This 
works oh the same principle as Sir O. Lodge's ft^-dispelling device. It is also used for collecting 
sulphuric acid and other mists, Tlte apparatus is said to be efficient and the cost of working low. 

Burner-Pipes, leading from burner to flue, and Draught-Pipes, leading 
from dust chamber or flue to first tower, are usually constructed of cast iron. 

The new arid-resistipg cast iron is quite suitable, though large castings (48 in. diameter) require 
carcfid,.handl]ng, and are expensive and easily cracked ) the pipes have cored or slotted bolt-holes 
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provided for the flanges, which are not machined. Fire-proof earthenware and volvic stone have 
been used with some success, and also cast iron lined with acid-proof refractory material. The 
difficulties inherent to the use of cast iron are frequently overcome by making all these connections 
in brick with the shortest connection possible lietween flue and tower. The two chief difficulties 
which have to be provided against are expansitMi and corrosion due to the gas cooling down too far. 
With proper and thoughtful design, all these troubles can be entirely eliminated. 

The Burner-Gas- — The burner-ga.s produced in these ways usually contains 
some SO3, which is presumably formed catalytically, the dust or brick acting as 
catalyst. 

The gases obtained by burning good iron pyrites contains, as a rule, 7-8 per cent, 
by volume SOj, o.i per cent. SO3, 10 per cent. 0 , and 82 per cent. N. 

■ When pure sulphur is burnt the evolved gases can contain as much as 10 per 
cent. SOj. The gases evolved from the roasting of zinc blende contain, usually, 
5-7.5, per cent. SO.. 

A high oxygen content is essential for success both for the chamber process 



Gsy-Luss9c Tower Glover Tower 

{Tor condeosmy TTjlroos Tomes) {Tor hberatmg Nitrous Tomes) 

Fig. ij.^Three-Charaber Sulphuric Acid Plant (Diagrammatic). 


as well as for the contact process, 6-11 volumes of oxygen is necessary, the exact 
amount most favourable to oxidation being determined by actual practice. 

Analysis. — The amount of SO. + SO3 in the gases is usually determined by absorbing in 
standard NaOfI and titration with standard acid, using phenolphtlialein as indicator. The amount 
of SO5 is then estimated by titrating with standard iodine solution. 

The oxygen in the gaseous mixture is usually estiaiated by absorption with pyrogallul or other 
suitable reagent. 

t 

The SO3 produced by any of the foregoing methods is now converted into 
sulphuric acid, either by the Lead Chamber Process or by the Contact 
Process. We will discuss each in turn. 

The Lead Chamber Process for Sulphuric Acid Manufacture 

Fig. 13 shows a diagrammatic drawing of a typical three-chamber sulphuric acid 
plant. Fig. 14 is another drawing showing the general view of the apparatus. 
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Fig I? shows a small two^hamlitr plant/ The gases (consisting of and 
atmospheric O and N) from the pyrites, burners “foast.ng- furnaces «^(FrgM£ 
after depositing dust and arsenic o»^e in wide flues (and dust chambers ot 



‘shown in drawing), pass at a temperature of about 300' from pyrites (lower tn the 
case of zinc blende^ver nitre pots bb, containing sodium nitrate (Chile 
and concentrated sulphuric acid. These pots evolve the oxides oHntrogen which 
are essential in causing the oxidation of the SOg mto sulphunc acid 

(NaNOa + H2SO4 - NatlSO* + HNO^and 2HNO3 = NO + NO* + O.^ + Hj, 0 ). 
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„ The mixture of gases next pass up a Glwer tower G (described below), then 
into a series of large leaden chambers ccc (Fig. 13)— often having a total 
capacity of 150,000 cub. ft. — where the sulphur dioSiide is oxidised to sulphuric 
actd by means of the oxides of nitrogen and atmospheric oxygen, the water 
netessaryfor that purpose being suppli^ by spraying into the chamber extremely 
finely divided cold water (jets of steam are not now used). 

The following action takes place : — 

SOj + O + II.p = HjSOj. 

The oxidation takes place not only in the chambers, but even far more intensely 
(as we will presently see) in the Glover tower as well. 

This action, which probably proceeds naturally of itself to sotne extent, Ls enormously 
accelerated by the catalytic action of the o.\ides of nitrogen present in the chamber. 

The exact mechanism of the action of the oxides of nitrogen in bringing this about, however, is 
not known. In some way they act as carriers of oxygen, passing on oxygen to SO^, becoming 
reduced, and again absorbing some of the excess of oxygen present. 

According to Pdligot (1844), nitre^en peroxide (NO.J oxidises the SO.^, and is itself reduced to 
nitric oxide (NO) thus 

NO2 + SO,, + H „0 = NO + H.iiOj. 

Next, the nitric oxide (NO) at once unites with the atmospheric oxygen present in the chambers 
to re-form nitrogen peroxide, thus * 

NO + 0 = NOy 

The nitrogen peroxide thus formed once more reoxidises more SO,, and .so the cycle commences 
anew. .According to Uerxelius (1830) and Weber (1866), it is nitrogen trioxide (Njfy which is the 
active agent 

SO-i + N-A, + II./) IlaSO, + 2NO. and 2NO + 0 = N3O;,. 

Divers, Raschig, and I.unge have set up rival theories based on the existence of real or (mure 
probably) imaginary “intermediate” compounds. The main authorities contradict each other on 
the subject, so that an account of these theories is Ijest omitted. The reader will find a full 
account in I.unge’s “ Sulphuric Acid .and Alkali” (1913 edition), but for full information reference 
should be made to the original papers mentinned at the beginning of this article. 

Whatever be the mechanism of the action, it is certain that a relatively small supply of nitric 
oxide in the presence of a continuous supply of sulphur dioxide, air, or steam is capable of 
converting this mixture into sulphuric acid. 

The reaction is much facilitated by the use of ultra-violet light, and serious attempts have been 
made and patents taken out to intensify the process (that is, to reduce the space required per unit 
of solphur burned per unit of timel by the use of mercury-vapour quartz Ininj^ which are enlreiuely 
rich in this type of radiation. 

The sulphuric acid condenses on the floor of the leaden chambers, and can 
be drawn off as “Chamber acid" of 5o°-55'’ Be. (to5°-t22° Tw. = 62-70 per cent. 
HjSOj). As we shall immediately see, much of it is pumped up the Glover tower 
and sent down this, and sold as “ Glover acid ” of 60” Be. ( = 141’ Tw. = 78 per 
cent. H2SO4). 

The waste gases in the chambers are highly charged with oxides of nitro^ 
These are recovered by passing the gases up a Gay-LussaC tower, gi. (Fig. 
packed with coke, down which concentrated sulphuric acid is trickling from a tank 
placed at the fop* The concentrated sulphuric acid absorbs the nitrous fumes, 
forming nitrosyl sulphate, which remains dissolved in excess of sulphuric acid : — 

2NO + O + 2H,S0, = 2XOHSO, + H.p. 

In order to recover the oxides of nitrogen from this compound, the “nitrosyl” 
sulphuric acid is forced up to a tank placed at the top of the Glover tower, g, 
filled with flint stones, and communicating at the top directly with the first leaden 
chamber of the series. Another tank at the top of the same tower is filled with 
the comparatively weak chamber acid. The two liquids flowing down the tower 
are made to mix in the upper part of the column of flint stones, and the water 
in the weaker.acid decomposes the “ nitrosyl-sulphuric acid " dissolved in the more 
concentrated acid, thus : — 

2NOHSO1 + H2O = alljTO, -I- NOj + NO. 
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The nitrogen oxides thus liberated are swept back by the torrent of hot (^oo° C.) 
ascending sulphurous gases from the pyrites burners, and pass once more into the 
leaden chambers, whereas the sulphuric acid descending the Glover towers, freed 
from nitrogen compounds, runs off in a boiling hot concentrated state at the bottom 
of the tower as “ Glover ” acid. 

The uses of the Glover toweV are : (i) To recover ihe nitrou.s fumes from the Gay-Lussac tower. 
(2) To cool the hot gases from the burners (which enter at about 300“ C). {3) To help concentrate 
the chamber acid glassing down the tower— the heat of the hot ascending gases from the burners 
being very effective in doing this — the Glover acid escaping at the bottom of the tower at about 
6o“Bd. (141“ Tw.). The chamber acid is only allowed to concentrate to about 5o"-SS“ Bd. (to5°.l22“ 
Tw.), a stronger acid than this causing the lead of the chambers to be eaten away rapidly. (4) The 
sulphur dioxide is very rapidly oxidised to sulphuric acid in the Glover tower — the action being 
here even more intense than in the chambers themselves (at least ten times the amount of sulphuric 
acid is produced per-unit of space in the Glover than is produced in an equal volume of chamber 
space). ^ Consequently the “Glover” acid, running out at the bottom of the tower, contains a 
considerable amount of sulphuric acid produced directly by the oxidation of the SO 2 entering the 
tower from the burners. (5) In many works nitric acid is directly introduced into the sulphuric 
adid running down the towers, this process dispensing with the nitre pots previously mention^ (see 
also pp. 222, 233, 234). 

Fig. 14 gives a very good idea of the ordinary old-fashioned three-chamber 
process, f is a row of pyrites burners. The sulphurous gases from these pass over 
the nitre pots placed at n, then (bearing with them oxides of nitrogen) through 
a dust-depositing chamber K. into the Glover tower g, where more oxides of 
nitrogen are liberated. From the Glover tower G the gases pass successively into 
the three separate leaden chambers, s,, Sj, S3, thence by the tube T into the 
Gay-Lussac tower l, where the oxides of nitrr^en are removed. 

B is a boiler for introducing jets of steam into the leaden chambers (in modern 
practice finely divided cold water sprays are used instead of steam jets). The 
boiler also works the compressed air pumps p, which serve to force the acid 
liquids continuously up to the top of the Glover and Gay-Lussac towers, c is 
a series of coolers for cooling the hot “Glover” acid running out at the bottom 
of the Glover into a tank. A similar tank receives the acid from the Gay-Lussac 
towers. 

Fig. 15 gives details of a small modern two-chamber plant designed by 
Hartmann of Wiesbaden, which is capable of producing annually about 2,500 tons 
of sulphuric acid.* The water is introduced as a fine spray at the top of the 
chambers. The arrangements for storing the acids, pumping, etc., are also clearly 
indicated. The whole system is roofed over with a wood or iron construction. 
Notice that the single Gay-Lussac tower of the old plant is here replaced by two. 

General Remarks on the Chamber Process.— The reactions which go 
on in the chambers, leading to the ultimate condensation of “chamber" sulphuric 
acid out of a mixture of reacting gases and mist, can be carried out to completion, 
although this requires a certain time. The acceleration of the process by various 
mdlins is essential in modern practice. 

The chief recent improvements for effecting this are the better design of the 
chambers, especially the Moritz system, the introduction of fens which cause a 
thorough mixing of the gases, the introduction of water or dilute acid spray, and 
the introduction of reaction towers (such as have culminated in the Opl and 
Griesheim tower systems, p. 239), and the invention of efficient acid pumps. All 
these have combined to greatly increase the efficiency of the process, which is now 
better able than ever to compete with the contact process. 

Perhaps one of the most difficult problems is to cause the complete oxidisation of the SO.^, which 
in the last chamber becomes excessively dilute. Also for the process to work properly it is 
absolutely essential that plenty of nitric oxides (usually introduce as “ nitrosyl sulphuric acid” 
from the Gay-J,ussac tower, but also directly as nitric acid in many continental works) should be 
present in the reacting gases. Any want of nitric acid causes not only a loss of unattacked SO^ gas 
out of the chambers into the air, but also a loss of nitrogen, as unoxidised nitric oxide (NO) 
finally escapes out of the system, not being absorbed as such in the Gay-Lussac tower. However, 
excess of nitric acid causes the action to almost complete itself in the first chamber instead of being 
distributed through three chambers. The intensity of the action and amount of sulphuric acid 



produced is thus greatly increased» but unfortaaalely the lead of the chambers is more rapidly 
attacked. In fact, under the now more intensive conditions of work prevailing at the present time, 
the life of a set of lead chambers has been reduced from twenty years to fifteen years, and even less. 

: It is essential that the gases escaping into the air after passing through the 
system shall contain some 5-7 per cent, by volume of free O^otherwise the nitric 
oacide (NO) will not be oxidised to NOj or NgOg, and so will pass right through 
the^Gay-I^ssac towers unabsorbed, and escape intd the air, thus occasioning a loss 
of valuable nitrogen. Any deficiency in the design or numbe||jithe Gay-Lussac 
towers will also yield a loss of nitrogen. f 

Indeed it is the loss of the expensive nitr(^en which causes much of the working costs. Part of 
• this Idss seems unavoidable, possibly some nitri^en escaping unabsorbed into the air as nitrc^en 
monoxide (NgO). Enlarging the Gay-Lussac towers and effective packing (see below) have 
reduced very considerably the amount of this waste of nitrogen, yet even now it is quite common to 
consume 1^3 kilos of sodium nitrate to every 100 kg. of sulphur burned. This works out as 
0.5-1 kg. of sodium nitrate to every too kg. of concentrated sulphuric acid produced, anfounting to 
4-0 pet cent, of the selling price of the latter. 

However, the recent introduction of cheap processes for manufacturing nitric acid (see under raw 
materials, p. 210, also under nitric acid in this Volume) may lower very considerably this expense. 

The oxidation of sulphur dioxide (SOg) into sulphuric acid, thus : — 

SO2 + O + HjO = HjSO, 

proceeds with the development of heat. Thus to produce i kg. of sulphuric acid 
with the aid of water sprays there is developed some 600-700 calories. When jets 
of steam (as in the old process) are employed some 800-900 calories are developed. 

It is hence easy to understand that the inlroduciion of water spray instead of steam (by allowing 
the chambers to be kept below 90* C., and thus saving the lead from corrosion and favouring the 
condensation of the acid) has effected much saving by allowing a more intensive production to take 
place per cubic yard of chamber space. The last chamber of the series is usually kept about 40“ C., 
and sometiores means are taken to artificially cool further the gases escaping from this into the Gay- 
Lussac towers, because the nitric oxides are far better absorbed at a low temperature. 

Water is necessary to form sulphuric acid (as is obvious from the above 
equation). Much of this water is yielded in the form of steam from the Glover 
tower, where the hot furnace gases, meeting the diluted chamber acids, concentrate 
it i'ery considerably, the steam thus evolved passing with the uprising gases into 
the chambers. This water, however, is not sufficient for the«production of the 
75 per cent acid of the chambers, and so more has to be supplied in the form of 
water sprays. 

However, the supply of water has to be very carefully r^ulated, so that the chamber acid of the 
first chamber never exceeds 55'’ Be., while the acid in the last chamber must not be less than 45® Be. 
Acids stronger than this cause the solution of oxides of nitrogen in the form of nitrosyl sulphuric 
add (see under Gay-Lussac tower, above), and rapidly attack the lead, whereas acids weaker 
than these limits cause the oxides of nitrr^en to dissolve as nitric acid and pass out with the 
chamber add. 

The Vield of Sulphuric Acid should work out, when operations are properly 
conducted, about 290-296 parts of sulphuric acid (100 per cent. HjSO^) per 
100 parts of sulphur burned as pyrites. 

This correspond to a yield of 94-96 per cent of the theoretically possible. Pyrites poor in 
sulphur, zinc Uend^ and similar materials naturally do not yield an}’^hiDg like this amount of 
sulphuric acid on the amount of sulphur burned. A certain loss of sulphuric acid occurs by part 
esca|HDg as a mist or cloud with the exit gase^ of the system. The amount of sodium nitrate 
consumed is a5-i per cent, of the weight of concentred sulphuric acid produced— a loss which 
seems unavoidable (see above). 


Constructional Details of the Lead Chambers 

The chatnbers'are constructed of antimony-free soft lead sheet, about 3 mm. 
thick. The joints, etc., are all autogenously welded by means of the oxy-hydrogen 
fatem-fMpe flame. - The bottom plates have their edges bent up so as to form a flat 
VOL. I.— 15 
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cup-like receptacle for the chamber acid. The sides, tops, and bottoms are 
supported on wooden beams — usually of pitch pine — by means of straps of lead 
fused on to the lead forming the chambers by the oxy-hydrogen flame, and nailed 
on to the beams at the other end. The roof and side walls, thus suspended by 
leaden straps from the surrounding beams, dip like a bell into the lower cup-like 
dish of the base, the chamber acid itself thus formjng the sealing liquid between the 
interior of the chamber and the outside air. Two to four chambers are usually 
built of oblong shape as indicated in our illustrations. The greater the number of 
chambers the higner the cost of construction, but also the higher the yield of acid 
per unit volume. Wide leaden tubes connect the chambers together, and also 
connect the chambers with the Glover and Gay-Lussac towers. The cold water is 
sprayed in above through a series of “atomisers” (steam is not now used), while 
thermometers are arranged in the walls right round the chambers so that the 
temperature conditions inside may be checked. The density of the chamber acid 
is ascertained by making compartments in the walls of the chambers, whereby the 
acid condensing on the sides is, by an opening, allowed to come into contact with 
hydrometers, the readings of which give at a glance the strength of the chamber 
acid. Glass windows are set in the uniting lead pipes, whereby the colour of the 
chamber gases can be observed. From time to time the chamber acid is run off 
through leaden pipes into leaden reservoirs. 

Formerly it was considered a good yield when I cub. m. of chamber space produced per 
twenty-four hours some 4-4.5 kilos of-clwmher acid. However, at the present lime, methods of 
intensive work are almost universally practised, whereby it is not uncommon to obtain as much as 
10 kilos of chamber acid per cubic metre chamber space per twenty-four hours. In order to 
increase the yield sometimes intermediate “reaction towers” are placed between the successive 
chambers. These are filled with acid-proof plates or stones down which dilute acid is run, and in 
them considerably more add is formed than in an equal volume of empty chamber space, since the 
larger the condensing surface the greater the yield of acid. However, these intermediate towers do 
not seem to have been very widely introduced {see pp. 229, 230 for further details). The increase of 
condensing surface by suspending leaden plates inside the chambers has been tried and abandoned, 
since the lead is rapidly eaten away. The main method employed for increasing the yield is the 
introduction of an increased quantity of nitric acid (usually run down the Glover tower, thus doing 
away with nitre pots), so that plenty of oxides of nitrogen are in>erated and circulated inside the 
chambers, thus oxidising a greater amount of SOj per unit time. Also the gases in the chambers 
are more thoroughly mixed by the introduction of fans which force the gases from the pyrites 
burners through the whole system without causing undue pressure at any one point. Before the 
introduction of these ventilating fans the only draught obtainable was from the chimney at the 
exit and from the hot gases rising from the furnaces. 

As in this “ intensive working” considerable heat is involved (see p. 225), this is eliminated 
by making the chambers narrower and longer than formerly, as they cool more rapidly. Also the 
replacement of the steam jets by cold water spray helps considerably (see pp. 225, 233). Nevertheless, 
the life of the chambers has sunk from twenty years to under fifteen years. 

Within the last few years very considerable advances have been made in the 
construction of leaden chambers, whereby . their life is greatly prolonged. The 
principal credit of these new methods of construction seems to be due to 
R. Moritz. In the old system of chamber construction no proper arrangement 
for allowing for the expansion of the lead was made, and the supporting timbers 
soon warped under the heat. The lead, therefore, soon cracked at points of 
strain, and corrosion became very considerable at certain points. Moreover, 
radiation was much hindered. Moritz, however, obviates these and other 
disadvantages by enclosing the chamber in a strong skeleton built of structural 
iron or steel, from which the chamber is suspended by overhead beams. The 
structure may be enclosed by a very light brick lattice structure and tile roof, 
light being admitted by glass panels and tiles. 

Moritz Chambers are now being constructed of cylindrical shape, almost like empty round 
towers. The precise method of suspending the chamber is exceedingly ingenious, and is specially 
designed to olMate any danger arising from expansion or contraction, and to secure a maximum 
heat loss iidiation. 

In one type the top oi the chamber wu made semi-oval instead of fiat, tbe objects being to 
prevent the accumulation of dust, render renur more easy and less necessary, and to assure more 
perfect circulation of the air outside and of the g^s inside its upper sur&ce. 

The lead floor rests upon an under floor of iron plate, and this in turn is supported by brick 
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columns. The upturned edge of the floor consists of iron plate, bent underneath to a distance of 
10 in. This is to ensure the most rapid coolii^ at the weakest point in the construction of a 
chamber, where corrosion is most pronounced and repairs are exceedingly difficult The same 
principles of construction are employed for the necessary towers. All corners are avoided as much 
as possible. ' 

The cost of construction at Kratzwieck was about 33 cent, more than by the old system ; it 
has now been reduced to under 25 per cent. The yield is about 7 kilos of chamber acid at 50® B. per 
cubic metre, the consumption of nitric acid being some half a kilo per 100 kilos of chamber add. 

It W’as anticipated that the increased capital cost would be more than compensated by the 
increased production and decreased nitre consumption, saving in the amount and difficulty of 
executing repairs, increased life of the lead and economy of costs of reconstruction, when eventually 
necessary. Subsequent experience has tended to confirm these opinions. 

Many modified forms or chambers have been described and even extensively erected. Thus in 
Meter’s Tangential Chambers {Zgit. angew. Chem., 1S99, 655), a thorough and efficient 

mixing of the gases is achieved by making the chambers circular in horizontal section (a number of 
these being arranged in series), and causing the gases to enter the side of the first chamber 
tangentially, and leave by a pipe through the centre of the bottom, passing thence to the second 
chamber, which is also entered at a tangent, and so on throughout the series. The water sprays 
are arranged so as to aid the circulation and mixing of the gases, which arc thus compelled to 
take a spiral course through each chamber, thus effecting a thorough mixing and resulting in a 
larger output per unit of chamber space. 

Another system which merits attention is the “ Faldmg Chamber.” The Falding Chamber 
is one which is becoming popular in the United Stales of America. Its essential feature is its 
height, the theory being that the gases which have reacted and cooled sink to ihe bottom, whence 
they can be removed to the next chamber. This practice of increasing the height is by no means 
confined to Falding, it having l)een the tendency among intelligent manufacturers, particularly on * 
the Continent of Europe, for many years. The advantages claimed are a saving in lead or an . 
increase of output for the same cubic capacity, only 6*7 cub. ft. of .sii^ce being required, so it is 
stated, per pound of sulphur burned per twenty-four hours. 

The Brown Tower Chamber seems to represent a considerable advance in chamber design. It 
is 16 ft. in diameter and 35 ft. high, and is guaranteed to be workable at a production of 4 cub. ft. 
per pound of sulphur burned per twenty-four hours. The nitre consumption under these conditions 
of work is not stated, but at a lower output— also not staled —the nitre consumption is guaranteed 
not to exceed 2 per cent, on the sulphur burned. I.arge sets of these chambers are being erected 
in this country. 16 shows a set of six, tr^ethei with Glover and Gay-Lussac towers. The 
chambers could probably Ije made larger with advantage. 

The Gay-Lussac Towers. — In modern factories netirly always two are 
used. They arc cylindrical in shape, about 10 m. high, and 3 m. in diameter. 
They are usually built of lead, and filled with coke. 

Lunge has proved that coke is slightly acted on by the oxides of nitrogen, and so in some recent 
practice the coke has been replaced by other acid-proof packing. The gases from the last chamber, 
which are practically free from SO2, but rich In oxides of nitrogen, enter at the base of the tower, 
and there meet with a descending stream of 60" Glover acid. The acid is sprayed over the packing 
of the tower uniformly either by a rotating leaden “sparger” or by means of plates of lead or 
earthenware with zigzag edge.s. ^ 

The nitrous fumes are liere absorbed with the formation of nilrosyl sulphuric acid, as explained 
on p. 223. 

The Glover Towers, being exposed at their base to a very considerable 
temperature (as the hot gases from the pyrites furnaces enter them with an initial 
temperature of 300” C.), are now usually built of closely-fitting acid-proof earthenware, 
shown at a in Fig. 17 (which gives two sections at right angles to each other). The 
section may be round or circular, and they are fitted together without mortar, by 
means of lead rings (shown at b, Fig. 17) or silicate cement. Towers are now 
being constructed of rings of volvic lava (a compact stone known to geologists as 
** Domite,” and found in the Auvergne district in France). 

The packing here employed may be flints, but in modern practice plates or hollow cylinders of 
acid-resisting earthenware are employed (Fig. 18). Oscar Guttmann employs fused alumina, which 
is very acid-resistant. This packing must distribute the downflowing acid uniformly, but special 
care must be taken that too great a resistance is not offered lo the uprising gases (see p. 231). 

In the Niedet^hr-Rohrmann system of packing (Fig. 17) the stones are packed tc^ether, as 
shown in i, 2, 3, 4, each stone being provided with a gutter r and an opening a. The stones pe 
arranged in the towers in horizontal layers, as seen in Fig. 17. For the general theory of packing 
'towers, see p. 229. 

The gases from the furnace enter at hi (Fig. 17), and pass upwards through the 
layer of stoneware. ' The entering acids flow uniformly down the tower out of 





the two distributiig tanks //, the very Iffit . Glover acid escaping through jSy at the 
base. The function of the Glover tower has been discussed on p. 2a4. 


Recently systems of two Glov« towers bftv^ been built, the first one only being kept very hot 
as to concentrate the acid pouilag down it, while the second one serves to demtrate the acid. 
The second tower, however, must be kept fairly hot if it is to work efficiently. 

CooUng; the Glover Add. — The Glover add issuing from the Glover tower is, of course, 



• Fig. i 6. — The Brown Tower Chamber for Sulphuric Acid (See p. 227.) 

itself exceedingly hot, bang practically at its boiling point of i20“-i6o" C. j it, therefore, has to be 
cooled. The most efficient system of cooling is to start the operation by passii^ the add through 
a water-jacketed, fused silica vessel, and to finish it in a cooler made of chemical lead. 

The object of this cooing by stages is to check the considerable corrosion of the lead by the 
ratensely hot acid. Unless toe tower pocking be realty acid-furoof, and burner-gas well frec^ 
from dust, it may freqtKstly happen that solios will settle or ciystaJlise ottt in the coolers in this 
case t%y i&ould be des^M so as to admit of easy and npid clewing whi^ at work if necesary. 
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Other forms of coolers are firequently employed, such as cotls of pipe, etc., but they are not as 
convenient nor as efficient as the method indicated. 


3 

i 



Fig. 17.— Glover Towers. Employing the Niedenfilhr-Rohrmann System of Packing. The 
Two Vertical Sections above shown arc cut at Right Angles to each other. (Sec p. 227.) 

General Theory of Towen.— The employment of towers in almost any process usually 
ia^ves the prindpLeofthecounter-carrent. By this is meant that a substance “a” can interact 
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either chemically or physically with a substance “ b” in such a way as to take from or give to it 
^ form of energy or matter ; the avidity with which this interaction takes place, and the extent to 
which it will proceed, depends, other thii^ being equal, upon the amount of energy or matter which 
h^ already been intochanged, and is approximately inversely proportional thereto. If we can so 
design our interchanger that the outgoing nearly saturated “ a” meets with the incoming “ b,” the 
maximum^ difference of what the phyacists term ** potential *’ will be always maintained, and that, 
by sufficiently ao^enting the time of contact, we can increase tine percentage of our 
exchange as mud as we please. In the arse of chemical reactions it can be made practically 
perfect. Interesting examples of the counter-current are the expansion steam turbine, the mechanical 
calciner, the heaf “interchanger,** continuous stilly the extraction of sugar and other soluble 
materials. Continuous work is more efficient than if the interaction be conducted in a series of 
Steps ; or, if in a series of steps, it will be more efficient the greater be the number of those steps. 



Fu;. i8. — Packing for Glover Towers. 


The amount of interaction depends upon the relative velocity of the two counter-currents, and 
upon their degree of intimacy, and upon the rapid removal of the material at the surface, where the 
interaction takes place ; the efficiency is greatest when the velocities of the two counter-currents are 
equal and opposite. 

If these essential principles are borne in mind,, it is easy to decide whether or no a tower packing 
is likely to be efficient (see next Section). 

Lunge-Rohrmann Reaction Towers. —It had been found that the very slow 
gaseous movement going on in big leaden chambers caused a partial separation of 
the component gases and mists, the heavy acid mist sinking downwards, while the 
lighter nitrous gases rose to the top of the chamber, and caused severe corrosion of 



Fig. {9.— Earthenware Plates for Lunge’s Tower. 


the lead. Lunge and Rohrmann, therefore, placed reaction towers between the 
leaden chambers in order to cause a more thorough mixing of the chamber gases, 
and so increase the yield of sulphuric acid. 

Owii^ to the probable replacement of most chamber systems by lower systems, the value of the 
intermediate tower as an adjunct to a set of chambers has somewhat depreciated. They were very 
popttlar on the Continent of Europe. Their ftinction was a double one, — firstly, to improve the 
intimacy of contact, and effect thorough mixing of Uie ^ses and finely divided vesicles of liquid in 
aispension ; and secondly, to arrest and cause the deposition of such of this acid mist as was in 
a fit condition to be removed. 

Reaction towers are usually made of acid-proof earthenware, consisting of a 
series of plates (see Figs. 20, 2j) or sections in which the liquid is brought into very 
contact with the gas. The towers are either fed with chamber or other 
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acid, depending upon their position, or not fed at all, sufficient acid mist being 
arrested to maintain a sliding film of liquid on the interacting surface. 

'As regards the packing in them the following points must be borne in mind, which also apply 
to the Glover Tower, Gay-Lussac, and other towers (.see preceding article for them). 

(l) The packing mast be really acid-resisting; (2) the cost should not be loo high; (3) it 
should be homogeneous, otherwise the efficiency must suffer ; (4) it should expose the maximum 
surface possible; (5) the path of the counter-current should be as great as possible; (6) the 
relative velocity should be as small as possible ; (7) it should be possible to clean it by washing ; 
(8) it should not be too heavy. 

It is evident from the above that the packing must not be too closely set together, otherwise 
the amount of free space will be so small as to cause tlie velocity of the gas current to be loo high, 
throwing a back-pressure in addition to increasing the velocity ; it must not contain large partially 
stagnant pools of liquid not pockets of gas. 

There are many varieties of tower packing (see’p. 227), which more or less fulfil these conditions, 
those of Messrs Oscar Guttmann & Sons, of the Huncoat and Buckley Brick and Tile Companies, 
being good. Few of them are really acid-proof, and have to be replaced after a' time. They are 
usually made of seml-vitrified clay, though those of Messrs Guttmann are made of fused alumina, 
which is much more resistant to the corrosive action of acids. The use of strips of glass is success- 
fully employed by one inventor. 

If properly packed and properly graded, flints and broken quartzite form excellent packing 
materials for towers, their chief disadvantage being their weight. The lateral thrust of a consider- 
able height has to be taken by means of a reinforcing lateral iron band, or by other means ; 



Figs. 20 and 21. — Plates for Acid Towers. 


moreover, the ratio of surface to mass is much less than in properly designed packings. The 
finest quartzite for the purpose comes from Cherbourg. 

During recent years an interaction tower has been introduced which is entirely 
devoid of packing. The liquid with which it is fed is sprayed in at the top, and 
falls as a fine rain to the base, where it is collected and removed, the uprising gases 
being distributed through the specially designed floor. This type of tower has 
been used for both Glover, (iay-Lussac, and concentrating functions. 

Method of Inducing Draught —Fans are now usually employed, made of 
regulus metal, special cast iron, or acid-proof stoneware. Usually one fan is placed 
between the burner and the Glover, and another between the two Gay-Lussac 
towers. They are cased in lead, iron, volvic stone, or acid-proof brick. 

Pumping the Acid.— Usually the acid is pumped to the top of the Gay- 
Lussac and Glover towers by automatic montejus, driven by compressed air. 

Very efficient apparatus of this sort have been put on the market by Kestner. Fig. 22 shows a 
typical Aestntr adid elevator. The liquid contained in the feed tank a runs into B. 

As soon as B is full the acid operates the part x of the float which, by means of the rod c, closes 
the air exhaust valve and opens the compressed ait valve. The liquid is dischaiged through rlie 
pipe T, and the air, after delivering the liquid, caus^ .a fall of pressure in the apparatus, which 
operates the valves in the opposite direction. The cycle is then repeated. 

S^iitze’s automatic elevator is also very efficient. It is shown in Fig. 23. 



Fig. 22. — Kestner’s Acid Elevator. 


Fig. 23.>'SchUt2e’s Acid Elevator. 


applied the prioj^s of preheatii^ the compressed air, whereas Schiitze has designed a continuoas 
e^ator working sprays direct, and also one electrically controlled for dispensing with 

tanl^^^^top of towers. 

,^lmi^Centrtfugal Pumps are now on the market, which are mechanically far 
Sclent than compressed air liftings. 

P Messrs Haughtons construct centrifugal acid-tight pumps, having’overcome the 
:fUffiralty of I^kage at.the glands. . • , 

»i^oa '0 theii economy of power, centrifngal pumpe poisess the following adnnt^es 
^^^yK^iedrair : (i| Ihete i) less wear and tear of the acid jripes. When compressed air b 
yyoiic is nec^^jy, due to t 1 i« viole^l. dtskin|;^ws is avoitkd, of course, with 


> ' — ' . ''' ' , " ’ ' , ■ ' 

an mdfipendent air exhaust, and also to a gr«t extent in Schiltze’s expansioii pulsoraeter; (2) 
noesca^ of nitrous g^s; (3) ease of rendering completely automatic ; (4) a^latcly continuous 
delivery. Highly efficient pumps of this kind are now made in England,. Germany, the States, 
and eL^where ; in some the gland is allowed to and the leakage return^ to the f<^ tank. 

Ordinary pliing^er or bu^et pumps are now constructed of hard lead, acid-resisting ci^t iron, 
and earthenware. They are fairly efficient appliances, but are not nearly so convenient as, and are 
mote expensive in use than, centrifugal pumps. The old acid “eggs” and also “emulseurs” 
(where the acid is driven over as a froth) have largely gone out of use. i^ainst a low pressure, 
however, emulseurs are still used. 

introduction of Water Spray instead of Steam.— The introduction of 
water spray into the chambers instead of steam has effected a considerable economy, 
the expense of steam raising being obviated, while both the nitre consumption, 
c^nber space, and wear and tear have been considerably reduced (see p. 225), 

The sprays used are of two main types. The one consists of a cylindrical chamber with a 
tangential inlet and a central outlet. This type has been developed by Messrs Haughtons, and is 
very efficient where it is required to liandle fairly large volumes. Theoretically it is very much 
better to introduce the water in the form of weak acid than as atomised water; practically, however, 
there is the risk of water being delivered to the chamber without being atomised, upsetting the 
chaipber process, and possibly causing severe local corrosion of the chamber, through the formation 
of nitric acid, before ^ing discover^. An advantage of Haughtons’ spray is that the aperture 
is comfortably large, and the acid-feed need, therefore, only be passed through the coarsest of filters. 
The outlet is lined with porcelain or other wear-resistii^ material. 

Hie other type of spray which is very largely used, particularly on the Continent of Europe, ■ 
is that exploited by Messrs Benker & MUlMf^- It is really intended for use with water, and 



is made of iridio-platinum. With the extremely high price at which platinum now stands (over 

per oz., or more than double the prtc^f an equsj weight of gold) the expenditure necessary 
to equip a set of chambers with these sprayers is very considerable. Fig. 25 shows the various 
parts, full *^126. The appliance consists of a cylinder in which a finely cut loose spiral works, 
the thrust being taken on a footstep bearing. The acid being forced through the spiral channel 
causes the screw lo rotate, and a fine and widely distributed spray results. The chief dis- 
advantages of this apparatus are the possibility of obtaining a stream instead of a spray in the 
event of the passage becoming closed or corroded, and that the initial cost is very great ; a large 
number are required ; it is difficult to tell if they are working properly, much supervision is there- 
fore necessary, and a set of very fine fillers have to be used. Their chief advantage over the 
Haughtons* type of sprayer is the smaller volume of liquid with which they will work — some 2| galls, 
per hour, though the Haughtons type is said to be capable of being satisfactorily used for this 
capacity. 

Th^ sfHmyers require 40-48 lbs. pressure per square inch behind them, obtainable either by 
means of compressed air, or preferably by m«in$ of multicellular centrifugal pumps. 

Other sprays exist of the splash-plate type, in which a fine jet, under pressure, is directed 
against a plate, and also atomisation by steam. This last method is somewhat unsatisfiictory. 
Glass sprayers have also been used. 

The sprays are usually fitted on the top or side of the chamber {see Fig. 25) so as to be 
readily inspe^ble. 

Methods of Introducing Nitric Nitrogen.— The old-fashioned method 
of th¥ nitre pot, heated by the burner-gas, still remains in a very laige number of 
factories both in the United Kingdom and in tbe United States of America. 

On the Continrat Europe^it is more usual to employ nitric add. The increased cost of 
pvditcing the ITNO| is said to be more than repaid by the economy due to the regularity of feed 
' :«id other coosidetatioDs 
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The nitre pot consists of a cast-iron vessel placed irr an ex^nsion of the flue. 
It is fitted with an acid feed tank, and is periodically charged with nitre and acid. 
The nitro-cake (acid sodium sulphate) is run off, by removing the plug, into a 
tray where it is allowed to coo). 

“ Nitre ” may also be introduced by running a ^rong solution of sodium nitrate and sulphuric 
acid down a special nitrating tower immediately following the Glover, or by spraying the solution 

^enker^s Sprayers full size 




How the Cold Water Spray System is attached tothe 
had Chambers, 



into the chamber itself. In the case o/^fertiliser factories the presence of a small quantity of 
sodium sulphate is of no great consequence, and the second of these two methods seems likely 
to be further developed. 

In the Opl system (p. 239) any one of these methods of introducing nitre ” may be employed, 
except, of course, that there are no chambers into which to spray the nitre solution. In the 
Grieiheitn process (p 239) nitric acid itself has to be used. 
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Chenucal Contfol of the Chamber Process. — ^The progress of the manufacture is controlled 
(a) by estimating the amount of SO2 apd SOj ia the entering burner-gases ; {b) determining the 
strength of the chamber acid ; (r) checking the temperature of the chambers ; {d) the waste gases 
from the chambers are tested (by observing their colour through glass windows) for oxides of 
nitrc^en both before and after passing through the Gay-Lussac towers. The amount of free oxygen 
in the gases is also estimated ; («) the amount of nitric acid and also total nitrogen, both in the acid 
coming from the Gay-Lussac lower and also in the chamber acid, is usually estimated. 

The Waste Gases. — According to the Alkali, etc^, Works Act, the final exit gases from 
sulphuric acid works must not be of an acidity equivalent to more than 4 gr. of SO3 per cubic fool 
in Class I. (acid made by the Chamber and like systems). In Class 11 . , which consists of contact 
processes, the J * best practicable means ” have to iW employed j this includes contact systems. The 
acidity of the final outlet gases from concentration plants most not exceed the equivalent of I. *; gr. 
of SO3 per cubic foot. ^35 

The waste gas^ contain, of course, comparatively little oxygen, and, of course, a high proportion 
of nitrc^en. It is conceivable that they could be profitably further enriched and used for the 
formation of either calcium cyanamide or synthetic ammonia. 

Purification of Sulphuric Acid. — Arsenic in the form of arsenious oxide 
ASjOj, is the chief impurity in sulphuric acid, especially in that made from many 
pyritic ores, although spent oxide and some deposits of pyrites are very nearly free 
from it. The arsenic may be present from traces up to o.io. The presence of 
small quantities of arsenic in the sulphuric acid used for making superphosphates 
and other manures is not very injurious, but for other purposes, such as the 
manufacture of glucose, the etching of metals, the production of hydrogen — in fact 
for all ordinary uses — the acid must be arsenic free. 

Where a perfectly arsenic-free acid is necessary, it is easiest to obtain it by 
burning sulphur (see p. 217), or else by the contact process. However, a 
“technically" arsenic-free acid can also be prepared by the lead chamber 
process, provided that a pyrite poor in arsenic is used, and that good dust 
chambers and gas-filtering arrangements ate used. 

Arsenic may be removed from sniphuric acid 

1. By tnating the acid with sulphuretted hydrogen and precipitating the arsenic as sulphide. 
On the large scale the chamber acid is diluted to 45” Be., and allowed to Bow down leaden lowers 
against an uprising stream of H^S. 

The complete removal of the arsenic as however, can only be altained by diluting to 
20^ On the small scale, in acid to be used for accumulators, this is achieved by adding 
barium sulphide (BaS) thus : — 

RaS + IIeS04 = BaSO^ + HoS. 

31LS -H AS2O3 = As.^, + 

The HjS at the same time removes, as sulphides, such metals as lead, copper, antimony, bismuth 
—but not iron. ^ 

2. By vclalilisaiion as chloride^ which method was introduced and is worked by Ihe United 
Alkali Co. ; the acid is treated at a temperature of about too’ C. in a suitable tower with dry HCl, 
the trichloride which forms being subsequently volatilised. This method has the advantage over 
that of removal in the form of sulphide in that, in the latter, it is necessary to dilute the acid before 
treatment with H^S. 

3. By arresting the arsenu in hot ferric oxide with ihe formation of iron arsenite. Of these 
methods each has its special merits. 

Chamber add sometimes contains oxides of nitrogeo. These can l>e easily eliminated by 
adding some ammonium sulphate when concentrating the acid. The nitrogen escapes as N.^ and 
as N2O. 

If further purification is really necessary the acid usually has to be distilled. This is effected 
in platinum or glass stills heated in a sand l^th and fitted with suitable condensers, usually platinum. 
Heraeus, of Berlin, has introduced a still made of a compound sheet of platinum and gold. In the 
existing state of the platinum market it is much cheaper than one of equal capacity made wholly 
of platinum. The wear and tear is said also to be considerably less. Stills for sulphuric acid are 
also made in fused silica. 

Concentration of Sulphuric Acid.— Chamber acid is concentrated to 
about 60° Bi. in the Glover tower. Th« Glover acid, however, takes up 
considerable amounts of Al^O, and FcjO, which are difficult to remove. A purer 
acid can be obtained by evaporating in lead pans, heated either by the waste heat 
of the burners or by passing superheated steam through leaden pipes immersed 
in the acid. 

However, the concentration in lead pans can only be carried up to 6o° Be., 



since a more concentrated hot acid attacks lead badly, Snd also porcelain. 
Recently, however, there have been put on th^jnarket pans of extremely acid- 
resisting material; for example, fused sand or silica (vitreosil), also a mixture 
of silica with a little titanium or zirconium oxide (which is said to delay devitrifica- 
tion and increase toughness, “siloxide”); alundum, fused alumina; also the very 



Fig. 26.— Cascade System of Acid Concentration. 

important new acid-resisting alloys of iron with silicon— such as “ ironac,'* 
“ tantiron," “ duriron,” etc. 

The so-called cascade system is employed. The pans (see Figs. 26, 27, 28), each provided 
with a Up,^ are arranged in a series, each one at a lower level than the other, so that the strong acid 
follows, cascadedike, from one into the other. Each of the pans is heated from below, so that the 
add at 60^ enters the top basin of the seiies and, Bowing over each basin (twenty or more), in turn 
is gradually concentrated, and escapes from the last basin concentrated to bb” Be. Naturally during 
the operation <)uite a considerable amount of acid fumes are evolved, so that the series of basins are 
covered with a hood which leads away the fumes through a condensing system, and so recovers 
most of the volatilised sulphuric add. 



Fic. 27.— Add Concentration Pahs. 

Otf; Wge scale Gaillard towers are now very widely used. They are 
lava (see p. 227), which is a stone extremely resistant toward hot 
^OIHKXottated acid. 

Fig. 29 diows a wctioa lliroogh the ai^kratiu. T is the Gaillud concentration tower, built of 
.^ngt of yolvic la« cemented together with wateiglass volvic Inte. The towers are about 
.r, m. high and do -not contain packing. Down them is sprayed in a steady stream tbe- 


t^'VTbcy have to be provided with a long Up, as otherwise the low surface tension and high 
wUI cause the add to creep down the side, - 
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chamber acid to be cxBicentrated ; the felling sprav meels an upriang current of hot fire ga^s - 
from the producer g, and is thereby highly heatea and falls in a concentrated form, collecting 
at the l»se / of the tower, whence it- runs away through a special series; of coolers, r is a 
^‘recuperator” made out of ^id-resisting brick, down which a stream of water or dilute acid 
is sprayed. This, however, does not completely stop the mist of acid, and so a coke filter h 
U necessary, which removes the last traces of the Icid drops. The coke filter is filled with a 



Fig. aS.—Haughtons’ Acid Concenliation Plant. 


moderately finely granulated coke, and it is important to observe that it is only by passing the 
gas through such a “gas filter” that the mist of acid can be completely condensed. The gas is 
drawn right through the whole apparatus by means of a fan placed at v. 

In Kessler’s ^apparatus the highly heated products of combustion of 



producer-gas are made to pass under, over, and through the sulphuric acid Ou me 
principle of the counter-current. The apparatus is built mainly of volvic lava or 
acM-proof brick, parts being made of fused silica or acid-resisting silicon iron ; the 
gas is drawn through by means of a suitable fan. It is convenient and efficient, 
but yery expensive as regards first cost compared with a modem cascade plant, 
and. is not more economical to cun. It is fired with producer or other gas. 
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All these evaporators have to be fittetl with suitable coolers of fused silica or acid-resisting silicon- 
iron, etc., at the one end, and with some form of sctubher at the other. In some, the flue gases 
and the products of evaporation are kept separate ; in others, such as the Kessler and Gaillard, they 
are co-mingled or allowed to mix oefore or immediately after leaving the appliance. The 
scrubber has to be put up to arrest most of the SOj-^and to some extent SOg if the acid he reduced 
in the process of evaporation. Strong sutphgric acid, when boiled, loses sulphur trioxide owing to 
dissociation, which passes forward as a gas or as a mist of sulphuric acid. In the Kessler system 
there should be a minimum of toss in this way, as all the products of combustion and evaporation 
have to pass practically through the comparatively weak inlet acid. In actual practice, however, 
it is not found that this difference is so great as might at first sight be expected. 

In Great Britain it is laid down by Act of Parliament that the exit gases from plants 
concentrating sulphuric acid shall not e.xceed li gr. per cubic foot, acidity counted as SO^, Vnce 
the necessity of providing a scrubber. This scrubber may be turned into a source of income. 
Packed with suitable material, allowed to become hot, and fed with the acid which condenses in 
it, the make up being periodically removed, fairly strong acid, up to 130“ Tw., may be recovered 
with safety. 

.A small amount of acid is also concentrated in platinum and glass stills ; it is, however, usually 
more profitable to bring up the concentration, if required above 95 per cent. HgSO,, by means 
of the addition of fuming contact acid, or even of SO^, or to use contact acid diluted to the point 
required. 

Sulphuric acid can be concentrated by evaporation up to 98.3 per cent. HjSOj, 
and with this concentration it possesses its highest boiling point of 338” C., and 
can be distilled without decomposition. 

Acid of higher concentration than this decomposes, splitting off SOj, HjO, 
and 0 . The ordinary concentrated 66" B6. (167° Tw.) acid of commerce contains 
about 93.5 per cent. H2SO4 (see Table, p. 250). 

At the present time acids of greater strength than 93 per cent, are usually prepared by means 
of the contact process. This is especially so of the ICO per cent. H.4SO4 now on the market. 

For acids of 93 pgr cent. HjSOi (66° Be.) and under, the chamber process holds its own, and 
indeed produces it as cheaply, if not more cheaply, than the contact process. 

The transport of concentrated sulphuric acid of over 50” Be. is effected in 
large wrought-iron cylindrical boilers, mounted on railway wheels, and carrying 
many tons of acid at a time. Smaller quantities, however, are transported in 
glass carboys holding 50-70 litres. (See p. 251 for precautions, etc.) 


Tower Systems of Producing Sulphuric Acid 

It will be recollected that on pp. 223, 224 we mentioned that in the Glover tower 
(where the SOj from the burners meets a descending stream of sulphuric acid 
containing dissolved oxides of nitrogen) the sulphur dioxide (SOj) is very rapidly 
oxidised to sulphuric acid, the action being here at least ten times as inten.se as 
goes on in an equal volume of chamber space. 

Attempts have been made — and recently with success — to dispense entirely 
with leaden chambers, the sulphuric acid being produced entirely in towers down 
which pour sulphuric acid containing dissolved oxides of nitrogen (as in the 
Glover tower), and up which pass burner-gases containing SOj. So that here 
the sulphuric acid is produced, just as in the leaden chambers, but with the 
difference that the oxidation lakes place, not in a gaseous state— as in the case of 
leaden chambers — but in liquids pouring down the towef, and consequently in a 
very much less volume. 

For example, six towers are erected, the first five of which act like Glover towers 
(see pp. 223, 224), being fed with a stream of sulphuric acid containing dissolved 
oxides of nitrogen. Thesetixidise the SOj to HjSO,, and concentrate and denitrate 
the sulphuric acid pouring down. The last tower acts as a Gay-Lussac tower, 
and absorbs any oxides of nitrogen escaping from the preceding five towers. A 
continual and energetic circulation of acids by pumping to the top of each tower 
is obviously necessary in this system, whch thus involves the expenditure of much 
mechanical work. 
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The Griesheim System is as follows:— The burner-gases pass through a Glover tower whose 
function is similar to that in the chamber system, and then into towers fed with nitric acid of 
30 *- 35 ° A considerable excess of nitric acid is used, with the result that the oxidation is 
extremely rapid. The acid formed retains about i per cent. HNO^, and contains over 30 per 
cent, of H2SO4 ; the whole of it is passed down the Glover, where it is completely denitrated. 
The g^es pass into a further series of towers serving to recover the nitric acid in a form in which 
it can be used in the oxidising lowers. The whole process depends upon the careful adjustment of 
temperature, and this again partly upon the density of the various acids feeding the towers. The 
main advantages claimed are that wide variaticms in the composition of the burner-gas are per- 
missible, that stronger acid is produced than by the chamber process (this is very much open to 
question. — ^J. L. F.), and that the nitric acid is recovered as such. . 

The Opl Process has developed on somewhat different lines. It appears to have been fairly 
successful, a nura^r of installations having been recently erected in Great Britain (over twenty) 
and on the Continent. The process as now developed is briefly as follows: In the first set of 
towers acid is produced and concentrated as in the Glover tower ; in the second set — each usually 
of three towers — the oxides of nitre^en are recovered by strong sulphuric acid in the form of a 
Gay-Lussac acid. The water is introduced into the top of the first four towers. The acid from the 
first three is pumped on to the next three, and vice versa, so that there are three sets of towers 
working tt^ethcr. All the acid produced is finally run down the lower nearest the burners. 
The first tower produces about 20 per cent., the second 30 per cent., and the third 50 per cent. 
The acid is raised to the top of the lowers by emulseurs worked by compressed burner-gas. This 
method of acid elevation is not likely to be mechanically efficient, and will probably be replaced 
by centrifugal pump. The process is therefore the principle of intermediate lowers combined with 
Petersen’s inner ring system of secondary Glover and Gay-Lussacs working together, and the 
“intense” method of working chambers, wherein a very much greater concentration of nitric 
nitrogen is employed than when working on the old system. The results of this happy combination 
are a tremendous reduction in the amount of both ground spee and actual volume required ; a 
considerable reduction in the original cost, and conseanently of repairs, depreciation, and interest ; 
a make of acid of uniform strength of over 140® Tw. (ihis Is possible with an ordinary chamber set) j 
the possibility of employing burner-gases of a widely varying content of SOg ; a low consumption of 
nitre ; a uniformly low acid-content of the effluenl gases, and easy supervision of both the plant and 
its working. The chief disadvantages of the process are the cost of pumping the large volumes of 
acid (which, now that mechanically efficient and acid-resisting pump are available, is quite small), 
and of gas against the resistance of the tower poking. In this system, as in most other tower 
systems, the whole of the acid is obtained in the most impute form, that of Glover acid (see 
pp. 235, 248); but with satisfactory appliances for removing dusl, which are neither cosily to erect 
nor difficult to use, the amount of impurity may be rendered practically as small as desired. The 
system is being widely installed. 

The writers consider that where acid of over 95 per cent. HgSO is not required this process is 
the most efficient at present known, but they are of opinion that further improvements and 
economies, both in the principle of the process and in the manner of carrying it out, are not only 
likely in the near future, but almost certain to be developed (see Duron patent). 

An improvement introduced by Petersen, which could be combined with the Opl system, is 
that of the use of a supplementary tower fed with acid of 126” Tw., this tower immediately pre- 
ceding the first Gay-Lussac. It has the important property of absorbing and oxidising sulphur 
dioxide, and also of absorbing oxides of nitrogen. Any temporary dislocation of the process will 
therefore have one or other of the following effects : in the event of an excess of sulphur dioxide 
coming forward it will be absorbed so long as there is more than a certain nitre content in the 
acid ; at the same lime oxides of nitrogen are liberated from the acid and pass on to the Gay- 
Lussacs, where they are absorl)ed, jiroducing an acid of greater nitrosily, this acid being subse- 
quently run down the Glover tower. This action does not continue indefinitely, of course, but 
sufficient warning should be given to those in charge of the plant to enable them to make the 
necessary adjustments, without either seriously disoiganising the process or even wasting “ nitro.” 

In the event pf an excess of oxides of nitrogen coming forward into the “regulator,” that 
excess is simply absorbed until the acid becomes saturated, producing a reserve for action should 
the variation turn about in the opposite direction. Where working with material variable in 
sulphur-content the rcgvilator tower is of great value, paying for itself merely in the amount of acid 
made therein, the economy in nitre being a clear saving. 

A third tower system has been recently introduced in France bv Duron. It is more or less a 
combination of Opl apd Regulator, and should probably be quite efficient. 


The Contact Process 

When a mixture of sulphur dioxide (SO,) and oxygta (either ordinary atmos 
pheric or else pure) is ‘passed over platinised asbestos, heated to dull redness, they 
unite to form sulphur trioxide or sulphuric anhydride, thus : — 

aSOg + Oj = aSOy 
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■ Althov^ this fact was observed by Ekvy nearly a centi^ arid was developed tecbnically 
^ Winkler in 1875, also by Schroder, iWisch, and GrUlo in 1887, nev^srtheless it was tbp 
padischen Aailm- und Sodafabfik, under the difection of R. Kni^h, who brought, in iSSo^iS^, 
the process to such a state of technical potfection that they succeeded in completely transforming 
the waste SO2 (coming from, roast gases of irarious processes) into S0», which they utilised to make 
Inraing sulphuric acid for the manufacture of synthetic mdigo. v.. 

In order to start the combination of sulphur dioxide and oxygen the gases must 
be heated to about 300*" C., in the presenoe of platinum, when the action proceeds 
with the evolution of much heat, taking place ii> accordance with the law of mass 
action 

2SO2 + Oo 7 ^ 2SQ,.(gasl + 45,200 calories. 


The conditions regulating the equilibrium are given by the formuUe 


C^so,)- Ao.) 


ifr, or 


%o.> _ / 

C(so,) V 


C(0,)- 


i. 


Here C(so ) represents the concentratioD of the 50 $, the number of gramme<moiecules 
of SOj in ea^ litre, and C?(so,) simply the square of this number. The same applies, to the 
figures C(so,)i C(O0» represent the concentrations of the SOg and Oj, the 

number of gramme molecules of SOg and per litre. 

k is the so-called “constant of equilibrium,” a quai^ity which varies considerably with 
the temperature, being great at 400" but much less at higher temperatures. Owing to this fact it 
is possible at 400° C. to almost completely transform the SO.^ into SO^ in a sin^C opOTEtioo, 
provided excess of oxygen is present. However, at higher temperatures the back action 
SOj = SO2 -I- 0 increases and much SO.^ escape transformation. 


Nature of Catalysts Employed to Promote the Union of SO, and O 


Although SOo and oxygen act almost imperceptibly slowly upon each other at 
400° C. In the absence of a catalyst, yet the presence of a catalyst (such as 
platinum, iron oxide, chromium oxide, copper oxide, oxides of manganese, 
NiSO,, C0SO4, VdjO,, brick, quartz, etc.) causes this almost imperceptibly slow 
action to take place quite rapidly. Of all these catalysis, platinum causes the 
action to become rapid at the lowest temperature, being best at 4oo°-45o' C. 

With other contact substances a higher temperature than this is necessary 
((.g., iron oxide is most active at doo'-yoo" C.), which naturally leads to a diminished 
■yield of SO,, Owing to the increasing extent of the back action ; — 

■ SO, >-S 0 ., + O. 


Quite A la^e range of conlacl substances have been proposed in addition to those mentioned ; 
they do not, however, seem to be employed to any great extent. They include oxides of 
tungsten, titanium, molybdenum, and thorium. Anhydrous magnesium sulphate impregnated with 
0.2 percent, ofplauaum is said to be used in one small, but apparently successful, installation. 
We may therefore divide the chief successful processes into three classes— |i) those using platinum 
Mack in one f<wm or another ; (a) those using soluble platinum salts in suitable form ; (3) those 
usir^ iron oxide. 

How platinum and other catalysis act is not known. They apparently accelerate an action 
which takes place in their absence only very dowly indeed. The catalysts do jiol alter in the 
^htest the final equilibrium attainable by a given chemical action at a stated temperature ; all 
that the catalyst achieves is to enormously speed up the process, and so diminish the time necessary 
to establish the equilibrium peculiar to the temperature and concentration of the reacting 
components. 

Possibly the catalysts act by causing a condensation of the gases on or in their surfaces, and 
1^ thus brinpng them closely leather cause the acceleration of the cheitiical action. Another 
tqeory “ intermediate ” compounds are formed. AUhoug|i catalysis is usually defined as 

“ the velocity of a chemjeat reaction by the presence of a third body or l^iea 

appear to have undergone chemical change at the end of the interaction,” yet it seemB 
the catalysera do actually play some chemical mtrt ; indeed this is known to be the 
some well-known casei Jhe action oi the oxides of nitrogen in the ao*called ** chamber ** 
process may be siud to be catalytic, though we know that they do undergo some chemical chimge, 
^ patore ofwlufi^tf imperfectly understood. 

.. upset, most easily by chemical impurities, which seem to be 

bhibtt ^xCalai^k effect. The precise w^ in which these coau^ 
Hmute traces of ars^c tnll effretoaUy stop ciulytic 
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effect of platinum preparations — particuSirly in elemental form— and the elimination of all the 
impurities present, or which even became subsequently introduced, proved exceedingly laborious 
and costly to discover. 


Conditions for Technical Success 

One of the first conditions for success in causing the union of SO, and O by 
the contact process is the steady maintenance of the most favourahjje tempera- 
ture, viz., 4oo°-45o° C. (when platinum is used as the contact substance). 

As pointed out above, the union of SO, and oxygen proceeds with the develop- 
ment of a considerable amount of heat (2802 + 02=2803 + 45,200 calories). 
On the small scale this heat is so rapidly radiated that the temperature does not 
rise very high. However, on the large scale the radiation is much less, and the 
temperature tends to rise so much that part of the SO3 formed decomposes again 
into SO2 and 0, thus : — 

SO3 = SO2 + O. 

The heat, therefore, evolved in the reaction must be artificially dissipated — 
which is usually done by utilising it to heat the incoming cold mixture of SO, and 
oxygen (as will be seen immediately). 

Although a mixture of SO, and oxygen energetically react when first brought 
into contact with the platinum, causing the latter to glow, nevertheless the reaction 
takes place mote and more slowly as an increasing percentage of SO3 is formed, 
and the final equilibrium (with almost complete transformation of the SO, into 
SOj) is only attained by allowing the reacting gases to remain in contact with 
each other for some considerable time. The higher the temperature, the more 
rapidly is a state of equilibrium attained, but the more unfavourable is this final 
state of equilibrium for the yield of SO3, as the back action SOj^SOj + O 
increases rapidly with the temperature. 

This is clearly shown by the following experimental curves (Fig. 30) of Bodenstein and Pohl. The 
temperatures are abscissae, and the ordinates are the yields of SO3 per 100 parts of SO^ present in 
the gaseous mixtures. These yields, it must be recollected, are those maximum yields which can 
be (Stained by allowing the action to go to complete equilibrium. To attain a stale of equilibrium 
may require some time. In fact, under 400" such a long time is required for the reaction, 

2SO2 + O a,- 

to come tq its Bnal stage of equilibrium, that the process is unworkable practically at temperatures 
below 400®— and this although the action below 400”* practically comes to final equilibrium with 
the complete conversion of the SO2 into SO3 in the sense of the equation 

2S02 + Oj >-2803. 

At temperatures higher than 40Q® equilibrium is fairly rapidly attained, but here the back action 

SO3 >S02 + o, 

becomes more pronounced, so that all the SOg cannot be converted into SO3. In practice the initial 
temperature i.s maintained at 45o'’-5oo® C., so that equilibrium is rapidly attamed, and then, in 
order to cause the further complete conversion of the SOg into SOs, the temperature in the latter 
pacts of the contact apparatus is kept at 400^-450° C. % such means the Badische Anilin- u. 
Sodafabrik have been able to obtain a yield of SO* of over 98 per cent, of the theoretically po.ssible. 
In the curves the behaviour in the platinum contact apparatus of four different gaseous mixtures 
are shown between the limits of 400®-900* C. Curve (i) shows the results of a mixture of gases 
such as are obtained from a normal roasting furnace containing 7 per cent, by volume of SOg, 
10 per cent, by volume of O, and 83 per cent, by volume of N ; once equilibriuoh has been 
att^ed it was found that at 400® C. 99.3 per cent,, and at 500® C. 93.4 per cent, of the SOg 
is converted into SO3. A much worse yield of SO3 is obtained when the oxygen and SOg are 
mixed together in the ex^t proportions required by the equation 2802 + 02=2805 (».#., 2 vols. 
of SOg to I vol. of Og). Curve (2) shows this, wluch was obtained from a gaseous mixture of 
33.3 Mr cent. 0 and 66.7 per cent. SOgj here at 400® C, only 98.1 per cent, of the SO2 is con- 
verted into SOg, and at 500® C. the yield is barely 91.3 per cent. A much better yield is obtained 
by having excess of oxygen (see curve 3) of air. Dilution of the burner-gas with excess of air 
is especially favourable, because it enables the action to be carried on at a higher temperature, and 
so more rapidly. 

VOL. I.— 16' 
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All these four curves show that at 400* a nearly 100 pef cent yield of SO9 is attainable ; never* 
theless, it is impos^ble to utilise a temperature below 400* technic^ly, because the action complrteB 
itself too slowly. ^ 

Badische Anilin- und Sodafabrik Process (ECnietsch-Herreshoff 
Process). — Fig. 31 shows the platinum contact apparatus of the Badischen Anilin- 
und Sodafabrik, as reproduced from the German Patent, 113,932 of 1898. Here the 
initial temperature of the reacting mixturj) 4 s kept at 450*-5oo' in order that the 
action mim complete itself as rapidly as possible ; then the temperatuft is 
reduced to 4oo°-45o“ in order that the complete transformation of the SOj into 
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Temperatare in Degreet Centignik 

Fig. 30.— Conversion of Snlphnr Dioxide into Sulphnr Trioxide (Bodenstein and Pohl). 


SOj should be attained. The regulating of the temperatures is attained by leading 
in only moderately hot pses from the roasting furnaces, so that the heat of the 
reaction is utilised by heating these cold entering gases, while the cold f^es 
themselves chill the reacting mass, and [wevent the temperature rising too.highly. 

In fa^the principle of the heat-interchanger is here employed. 

The apparatus consists of a la^e iron ^lindet about 3 m. in diameter, down which past 
ioui smaller “ contact ” tubes, in which ptatinised asbestoa (containing 10 per cent. Ft) is packed on 
acid-proof plates of earthenware, which ace pierced with numerous Iwles. The platinised asbestoa 
is packed loosely between the successive plates, so that the gases can pass through the tube 
without encountering a great resistance. 

-^The separating plates in the tube are held in their position by means of a central cod passing 
down ttamigh the centce of the tubes. It has been fonnd that platiniaed icon oxide ((Mvcd icom 
ikK boiling of pyrites), in pieces the size of a pee, work somewhat more efficiently tlmn plating 
ij^gdos, the contact tubes behig filled with the mistuce iit loose Isyeis. 
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The very carefully purified preheated gases from the roastiog furnaces are driven by a pump, 
from o through the valve v, ana enter at the bottom of the wide cylinder at A. liicn the*^ gases 
pass upwards around the outside of the four contact tubes (thus abstracting from them their excess 
h«t, and at the same time the uprising gases are thereby heated' to the proper temperature for 
reacting). At d the gases, now heated to the right temperature, pass into the contact cylinders, 
streaming down them. As the gases pass downwards over the platinised asbe^os the union of 
the SO2 and the oxygen takes place, the temp^ature being highest at the top of the tubes (being 
maintained at 45o"-5oo'’) and lowest at the h^j^ (40o“*4SO®), these temperature conditions being 
necessary to attain a quantitative yield of as above explained. In order to maintain these 
favourable temperatures the colder roast gases can be allowed to enter at or v® so is to chill the 
upper part of the tubes if they tend to b^me too hot. Also cold air can be passed up outride the 
large iron cylinder to cool this somewhat if the temperature rises too high. Sometimes the lower 
part of the tube cools to too low a temperature for roost favourable action. To obviate this 
heating tubes are arranged at kk. 

The downstreaming gases, charged with SOj, escape from the contact tubes into the lower 
spacer. 



Fig. 31.— Badische Anilin- u. Sodafabrik Contact 
Process for Sulphur Trioxide. 


The absorption of the SO3 formed is effected by passing the gas into strong 
sulphuric acid, which in turn may be diluted successively with weaker and 
weaker acid, until finally only water is used. Continuous counter-current water 
cooled absorbers are usually employed to produce fun^ng acid of any required 
degree of strength (see pp. 245, 246). 

One condition absolutely essential for success is the very careful purification 
of the entering gases from the roastihg furnaces. 

Otherwise the catalytic jJlatinum becomes “poisoned” (see p. 240), %id refuses 
to work. 

The extreme degree of purification of the gases necessary in this process is one of its chief 
dmdvantages. Thus the Badische Anilin- und Sodafabrik find that not only must all flue dust be 
reoioved from the entering gas, but also all vaporous impurities, all comperands of arsenic, iron, 
bimuth, antimony, sulphur, selenium, mercury, Bosphorus, silicon tetrafluoride, SiF4 (which arises 
out^of the use of rinc blende), must be most carefoUy eliminated if the platinum catalyst is to be 
kept efiectlve for any length of time. The pesence of even traces of arsenic acts most injuriously 
. QQ the platijsum. 
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The gases are therefore purified by a thorough scrubbing m leaden troughs 
(iron troughs would only cause the evolution of further impure gases). Sometimes 
the gas is filtered dry through a fine granular layer of coke, clay, blast-furnace 
slag, or similar material. Arsenic is completely eliminated by passing through 
unburnt clay at about 350“ C. 

The burner-gas in these purifying processes naturally becomes too cold for 
direct use, and hence it is necessary to preHlat the gas before it enters the contact 
apparatus, by designing the apparatus as a counter-current heat-interchanger. 

The Badische are sud to obtain a conversion by (heir latest improvements, according to this 
method, of over 98 per cent., and the annoal output of sulphuric anhydride by the Badische them- 
selves, and by other Arms working their process under licence, amounts to over 200,000 tons. 

The chief improvemeots introduced in the United States of America by HerreshofF are said 
to be a material reduction of the back pressure, elimitration of liquid seals, and discardance of the 
counter-current heai-ioterchanger prinaple for the contact element, resulting in finer adjustment 
of the necessary temperature. 

There seems no doubt that the fundamental patents are owned by the Badische Anilin- und 
Sodafabtik, who have brought numerous lawsuits against alleged infringers. 


Use of Iron Oxide as Contact Substance 

The Mannheim Process. — Iron oxide (Fe^o,) is the contact substance used 
in an important process owned by the Vereins chemischen Fabriken, Mannheim. 
The details are set out in the German Patent, 107,995 of '^ 9 ^ (Hasenbach and 
Clemm). See also \Vitke,/aarn. Soc. Cktm. Ini., 1905. Iron oxide only becomes 
effective between fioo’-yoo" C., the most active variety being a freshly prepared 
sort obtained by heating ferrous sulphate. It follows, therefore, that by its means 
it is quite impossible to completely transform the SO^ into SO,. 

A reference to the curves shown on p. 242 will show that theoretically at 600' only 73,3 per 
cent, of the SOg can be converted into SO^ if we use ordinary burner -gas containing about 7 per 
cent. SO2. Curve 4 shows, however, that on diluting the gas considerably with air it may be 
possible to get 80.5 pet cent, of the SO^ transformed into SO3. 

It is, therefore, necessary to employ two separate contacts : (i) An iron oxide 
contact element in which about 66.6 per cent, of the SOg is transformed into 
SOj ; (2) the residual gas coming out of the first contact is thenUpassed into a 
platinum contact, which transforms the rest into SO3. 

The great advantage of the process is that the I)umer-gases coming from the 
roasting furnaces or pyrites kilns do not need any careful purification, because 
arsenic does not affect the catalytic action of the iron oxide. 

32 shows a diagram of the whole (wocess. o’, o® are the two pyrites burners, closed air- 
tight Id IroDt. They are only opened when it is necessary to throw in fresh pyrites, which is done 
through c. The pyrites must be quite dry. The air required for burning the pyrites is carefully 
dried (by H^04 or SO3) in (he drying tower e, and enters at /* /* under the bars of the pyrites 
burners. The burner-gases then pass quite unpurified directly into the first contact space which 
is a lower filled with freshly burnt pyrites, f.e., iron oxide. The undermost layers of this mass 
act as an effective filter, absorbing all the flue dust, and also chemically uniting with any 
volatilised arsenic oxide forming an iron arsenite. The topmost layers, which are kept at a 
temperature of 6oo‘’'70o'’ [by the waste heat of the furnace gas), convert about 66 per cent, of the 
SOs into SOf. 

If the temperature Calls below 600**, SO, is lost as it unites with the iron oxide to form ferrous 
sulphate (FeS04). 

The low^most layers of iron oxide, which gradually become non-effective, are removed from 
time to time from below, while the loss is made up by adding freshly burnt pyrites above. The 
gases, rich in SO„ now pass away through 4 , being cooled, and the SO3 thoroughly removed by 
condei^tion (see below). Since SO| and H^04 mist injuriously affects a platinum contact 
anangement, the residual gas, after remoral of ibe SO,, is then filtered through a layer of 
granulated stag, and then passes directly into the platinum contact element, which consists of a mat 
^platinised asbestos. This converts the rest of the SO2 into SO9, no overheatii^ of the apparatus 
being here po s s ib le, as the percentage of SO^ in the gas is low, and so the action is not vigorous 
enoi^-to need elaborate cooling arrar^entents. The issuing gas is once more cooled, and the 
SO| absorbed in a feqond series of condensers. 
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There are some thirty-five units on this system in the United States of America, 
but it has not been so widely adopted on the Continent of Europe. 

The process does not require complicated or delicate pieces of apparatus, a 
staff of highly-trained and specialist chemists, nor any special apparatus for the 
purification of the roast gases, as this is done in the furnace itself. It may be 
combined with a chamber or tower process. The amount of fuel consumed and 
motive power required is, so it is stated, *smaller than that of any other known process, 
and the plant can be built up gradually on account of the units being small 
and being easily arranged in groups. The cost of repairs is stated to be very 
low. 


Other Processes 

The Schfoeder-Grillo is the most successful of those processes employing contact masses of 
soluble platinum salts. In this process the principal salt employed is the sulphate. The chief 
advantages claimed for this method are: (i) The contact mass is easily regenerated, hence the 
kiln gases do not have to l)e purified as perfectly as if working with platinised insoluble vehicles ; 
(2) the calcined crusts are very porous, so that the contact mass made from them offers much less 



resistance to the gases passing through them than the tightly packed asbestos formerly used ; (3) 
the catalytic action of the contact mass made from soluble salts is far superior to that of platinised 
insoluble carriers, and the contents of platinum in the contact niass, which were from 8-10 per 
cent, of the weight of the asbestos in the old Schroeder plates, have been decreased to o.l per cent, 
without reducing the efficiency of the contact material. This process is very popular in the 
United States of America, where there must be now 25-30 plants at work. The Knietsch- 
Herreshoff, however, seems to be generally considered to be superior. 

The Freiburg Process uses platinised porcelain, and purifies the furnace gases by filtration 
through wood wool. Externally heated wide horizontal contact elemenis are used. 

Process, Tentelew and Eschelmann’s Process, and the Hochst Process, as 
worked out by Dr Krause, all use platinum, the last process employing in addition other catalysts, 
the nature of which has not been published. 


Arrangements for Cooling and Condensing the Sulphur Trioxide 

The gases leaving the contact apparatus, charged with SOj, are always very 
hot, and must therefore be cooled before the SOj can be absorbed. 

The cooling arrangements consist of a series of vertical tubes immersed 
in water. The hot gas passing through the tubes is soon cooled to a suitable 
temperature. The absorption of the SO, is carried out in tall towers, down 
which a slow current of concentrated sulj^uric acid trickles. Sulphuric acid 
containing 97 99 per cent. H5SO4 is the most effective liquid for absorbing the 
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so,. A more dilute acid, or wjter, causes the SQa to form a mist of sulphuric 
acii which is very di66cuh to completely absorb. , Pumps are useiS to force the 
gases from the pyrites towers through the contact apparatus and thence through 
the cooling and absorbing apparatus. The complete plant is built of wrought iron, 
and occupies far less space than the enormous chambers of the lead chamber 
process. 

The absorption of SO, is somewhat complicated by its properties (see p. 247). SO, melts at 
+ 17. 7 (polymerising at +4o”C.), and boilsat44.88“C. It is, therefore, very Volatile. Itposse^s 
a great chemical attraction for water, dissolving in it with the evolution of great heat — which- 
natnralty makes its absorption by pure water somewhat difficult. Now with sulphuric acid tt unites 
to form a series of hydrates, having widely varying melting points (see p. 247). Thus a mixture 
of H2SO4, containing 42 per cent of SO3 dissolved therein, melts at 35° — maximum melting point. 
Sulf^uric acid containing 17 per cent. SO* and 60 per cent. SOs have the lowest .melting 
points, the one melting at - 12** and the other at o” C., as Indicated in the curve (Fig. 33). 

The absorption of the SOg is canted out systematically in three towers, (i), (2), 
and (3). Tower {3)— the last of the series— is fed with 96-98 per cent. H3SO4, 
and produces a fuming sulphuric acid containing 5 per cent. SO3. This add is 
pumped through tower (2) and then through tower (1), leaving this first tower 
with ao-25 per cent. SO3. 

Another method of procedure is this : The first of the three towers is filled with 98 per cent. 
H3SO4, and into the top of (his cylinder the SO3 <x>ntaining gas, previously cooled, is led through 
a bell with tooth edges immersed some 20 cm. under the surface of the HgS04. The acid is thus 
cha^d to about 25 per cent SOj, and flows away from this cylinder (i) into a second cylinder 
(2) where it meets the gases coming from cylinder (1) and is thereby enriched to 60 per cent. SO3. 
The waste gases now eme^ing from cylinder (2) pass on into cylinder (3), and here enrich an 
ordinary to per cent H2SO4 up to 98 per cent. H2SO4, this last liquid being once more returned to 
cylinder (l) for fresh use. 

Production of Anhydrous SO, and Fuming Acids.— Both the most 
concentrated acid as well as the pure anhydrous SO, can be obtained by distilling 
these fuming acids from retorts. However, the demand for pure SO, is very small ; 
what is most used is a fuming sulphuric acid containing either 20 per cent. SO, or 
60 per cent. SO, respectively. 

too per cent. H5SO, (non-fuming) is now usually produced by diluting the 
stronger fuming acids with weaker acids, or with water. 

Advantages of the Contact Process — One great advantage of all acid 
produced by the contact process is that it is very pure, being arsenic-free owing 
to its method of production. Usually, however, it is coloured somewhat darkly 
owing to the presence of organic matter and iron. It may, however, be rendered 
water<lear by treating with a little barium peroxide (BaO,) or lead peroxide (PbO,), 
followed by filtration through sand. 

The contact process is undoubtedly the cheapest process for producing very con- 
centrated sulphuric acid, e.g., acid of over 66” Be,, also fuming acid. Consequently 
there is no doubt that this process will control the market for the manufacture 
of the very concentrated acids required in the oil, colour, and explosives industries. 
Possibly also for export or transport over great distances, where carriage is expensive. 

However, the chamber process still controls the market for the supply of weaker 
acids, e.g., as acids of 60” Be. and below, such as are used in the manufacture 
of superphosphates, ammonium sulphate, sodium sulphate (salt cake), aluminium 
sulphate, etc. Indeed, the development of the contact process, by its competitive 
effect on the chamber process, htu caused great improvements and economies to 
be made in the latter process, and it is now holding its own. 

One great advantage of the contact procesi is the fact that it can be used for the coia^^ 
tttiliaatkm of the SO, evolved in ore-roasting pocesses, even when the amount of the 

escaping gases is extremely small, so small that the lead chamber process cannot be ased Kn con- 
verting this SCI(; into stdphnric acid. 

The contact process hn, therefore, a field of activity into which the chamber process cannot 
penetrate. Vi- . k 

Coita of HaunfiMtaiK^Jlie qnestioiKwbether or no it is likely to be pofitable to start the 
prodnctian of snlphii^^^|epei>ds npt^uny considerations, which beh)^ at least u mndi to 
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.the domain of the economist as to that of the chemical engineer, whom, however, it is always 
advisable to consult. The type of plant which should be erected depends partly upon the raw 
materials available, and largely upon the kind of acid the demand for which it is intended to meet. 
For the manufacture of superphosphate and sulphate of ammonia some modification of the tower 
or chamber process will probably long continue to hold the field ; for the refining of oils one 
cannot make a definite pronouncement, ancc it depends upon circumstances, but where the main 
demand is for acid of over 95 per cent. H2SO4 a contact process is almost invariably the cheaper, 
certainly if acid of over g8 per cent, is required. 

In well-conducted works on the large scale there should be a net profit to the manu&cturer 
of some 15s. per net ton of tower acid, and more than double this on C! 0 . V. (concentrated oil of 
vitriol), or contact acid, and this in spite of fairly keen competition. In isolated places, where the 
cost and difficulty of carriage are considerable, these profits may be greatly increased. 

The cost of a sulphuric acid plant is very great, owing chiefly to the large amount of lead on 
the one hand or the high cost of platinum on the other. A plant for the production of 20 tons 
of H3SO4 pet twenty-four hours would cost at least /^lo, 000, exclusive of land or engineers’ fees. 


Properties of Sulphuric Anhydride or Sulphur Trioxide (SOs).— 
Sulphur trioxide is a white crystalline solid, existing in two modifications: the, 
o-form, SOj, melts at 14.8°, boils at 44-88”, and at temperatures below 
25’ gradually polymerises in the (S-form (805)3, which volatilises without 
fusion at 40“ C., and is reconverted into the o-form by distillation. The specific 
gravity of o-form is 1.944 at 1 1°, and of (S-form it is 1.97 at 20” C. Dry SOg is not 
corrosive, and shows no acid reaction. On heating to redness it decomposes to 



Fro. 33.— Mixtures of HjSO, and SOj (after Knietsch). 


SOj and 0, a temperature of 1,300' being necessary for complete decomposition. 
Very hygroscopic ; combines with water with explosive violence to form sulphuric 
acid, evolving much heat in so doing. SO5 chars organic substances like 
sulphuric acid. 

SO3 unites with water to form a series of products represented by m.SOj.n.HjO. 
Of these the substances pyrosulphuric add, zSOyHjO (a solid, M.P. 35” C.), 
ordinary sulphuric acid, SO,.HjO (a liquid, M.P. 10.5” C.), dihydrated 
sulphuric acid, SOysHgO (crystals, M.P. 8' C.), and trihydrated sulphuric 
acid, SOJ.3H2O, are stated to exist 

The following curve (after Knietsch) shows the behaviour of mixtures of SO3 
and water, the points of maximum and minimum melting points probably 
corresponding with definite compounds. 

It will be seen that a mixture of HjSO, and SOj of the composition 42 per 
cent; SO3 lOo parts of mixture contain 42 parts of SOs “rrd 58 of H^SOJ, 
corresponding to HjSO^.SO,, has the highest M.P. of ■(•35° C., while mixtures 
containing 17 per cent. SOs P*'’ lowest melting points, 

viz., 12' C. and o” C. 

Consequently the liquids on the market under the name “sulphuric acid" 
may be represerited by the general formula m.SOs-nHgO, where m and n are whole 
Dunfbers. On this basis sulphuric acids„.may be classified, technically, into two ' 
classes:— . 
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1. Non -fuming sulphuric acids, ordinary sulphuric acid, 

m.SOj-nHjO, where m<n. 

2. Fuming sulphuric acids, mSOj.nHjO, where in>n. 

We will consider each in turn. 

(i) The Non-Fuming or Ordinary Sulphuric Acids, m.SOj.nH^O, 
where m<n. — Ordinary concentrated sulphuric acid, H2S0,(S03.H20,m = n), 
usually called “ Oil of Vitriol ” (short O.V.), appears on the market in a variety 
of forms, the chief of which are as follows : Brown Oil of Vitriol, a concentrated 
acid, usually a tower acid, or a badly concentrated chamber acid ; as civilisation 
progresses this variety will doubtless tend to become more rare; it used to be 
known in commerce as B.O.V. Another variety of concentrated acid is C.O.V. 
This should have a specific gravity of i68°-i69“ Tw., and was formerly slightly 
discoloured and often not quite clear. It contains 93-95 per cent. H^SO^. Much 
of the acid which is now sold as D-O.V. (distilled oil of vitriol) is merely con- 
centrated acid, concentrated in modern plant under proper conditions, and some- 
times brought up to strength by the addition of a small quantity of SO3 or fuming 
acid, if the factory happens to possess a contact plant. Other qualities of acid 
are tower acid from the Glover tower, usually slightly brown in colour and 
i4o”-t45° Tw., and chamber acid, which may vary from ioo°-i2o° Tw. Only 
the chamber acid should contain oxides of nitrogen in combination or solution. 
The Glover acid is the most impure (see pp. 235, 239). 

The following table gives the properties of these commercial varieties of ordinary 
sulphuric acid at a glance : — 



Degrees Tw. 

Degrees Bi. 

Specific Gravity. 

Percentage H8SO4, 

Chamber acid - 
Glover tower acid - 
C.O.V. (Cone. Oil Vit. 

105 lO 122 

233 .. *50 

50105s 

58 „ 62 

1.53 to J.61 
1.67 ,, 1.76 

62 to 70 

75 .7 ^2 

German, ‘^66^ acid”) • 

>6r 

66 

1.83 „ 1.84 

93 r, 97 


The monohydrate (<>., H^SO,) begins to boil at a temperature of 290’, which 
rises to 338°, though the actual strength of the acid falls through the evolution of 
SOj. Sulphuric acid of lower strengths is sometimes used for high temperature 
liquid baths. 

The following are some approximate boiling points. For the strength of the acid represented by 
these degrees see tabic, p. 249. 


Approximate Boiling Points 


Acid. 

r. 

Acid. 

F". 

50“ Be 

- 291 

63“ - - 

- 423 

60* ,, 

- - 378 

64’ » 

446 

61" „ 

- - 3*8 

65’ „ 

66’ „ - - 

■ 473 

62“ ,, 

• 403 

- 522 


The strong acid evolves considerable heat when mixed with water — so much 
so that it should only be added slowly with continued stirring to the water, and 
never contrariwise. Water or its elements are absorbed with such avidity by the 
strong acid, that wood, cotton wool, and other substances of like character are 
at once charred by contact with it 

Sulphuric acid itself is quite colourless and odourless. It has a strongly acid 
taste, and is unpleasant or fatal if taken internally, according to the strength and 
quantity absorb^. 

The best antidote is copious draughts of cold water, together with any suitable alkali, soda 
'watb,*wasU^ijp|% lime, chalk, ammonia, ceiling or wall ptoter suspended in water. 
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The strong acid does not corrode iron to any considerable extent ; however, it 
acts upon lead in a far greater degree than when dilute. 

Recently acid-resisting irons have been placed on the market, which are remarkably resistant 
to corrosion by sulphuric acid. These are known as ironac, tantiron, duriron, and by other names 
on the Continent of Europe. They vary considerably in quality. They are all high silicon irons, 
and are intensely hard and somewlut more brittle than ca^ iron (see p. 236). 

The action of sulphuric acid upon other metals is briefly as follows 

Cold dilute sulphuric acid has little action upon the heavy metals ; zinc, iron, aluminium and 
most of the light metals are easily dissolved. Stronger acid attacks copper, mercury, and many 
other metals when heated, with evolution of SOg. Lead is attacked by acid of about 140'* Tw., 
and should not be used for the storage of acid of that gravity or over ; however, iron is not 
appreciably acted upon by acid stronger than 140“ Tw. , and cast iron is but little affected except by 
the dilute acid ; alloys of iron and silicon, including cast silicon itself, are even less corroded. 

Sulphuric acid, when heated, evolves SO3 as a suffocating gas, forming dense 
fumes in moist air owing to the absorption of water vapour. At a still higher 
temperature it decomposes into a mixture of SO^, SO3, oxygen, and HjO. 

Sulphuric acid expands but little upon heating; nevertheless, it is necessary 
to apply a small correction for temperature when determining acid-content by 
density. This correction varies between 0.0006 for acids up to 1.170, to 0.0010 
for acids up to a specific gravity of 1.840 per degree Centigrade. 

The following table gives the specific gravity of ordinary non-fuming sulphuric 
acid (O.V. stands for “Oil of Vitriol” of 66° Be., or 167° Tw., containing 93.5 per 
cent. HjSO^) : — 


Specific Gravity of Nok-Fuming Sulphuric Acid 


Degrees 

B&um^, 

Specific 

(iravity. 

Weight of 

1 Cub. Ft. in 
Pounds. 

Per Cent. 
O.V. 

Pounds O.V. 
in t Cub. Ft. 

Degrees 

Tw. 

Per Cent 
H9SO4. 

0 

I.OOO 

62.37 

0.00 

0.00 

0 

0.000 

1 

1.007 

62.81 

1. 00 

0.63 


0-935 

2 

1. 014 

63.24 

2. 50 

r.58 

3 

2.337 

3 

1. 021 

63.68 

3.66 

2-33 

4 

3-422 

4 

1.028 

64.12 

5.00 

3.21 

5 t 

4-675 

5 

1.036 

64.62 

6.00 

3-88 

7 

5.610 

6 

1.043 

6505 

7.00 

4-55 

84 

6.545 

7 

1. 051 

65- .55 

8.00 

5-24 

10 

7.480 

8 

1.038 

65.99 

9.00 

5-94 


8.415 

9 

1,066 

66.49 

10.25 

6.82 

13 

9.584 

10 

1.074 

66.99 

H-SO 

7-70 

IS 

10.752 

II 

1.082 

67.48 

12.50 

8.44 

16J 

11.687 

12 

1.090 

67.98 

13.60 

9-25 

]8 

12.716 

13 

I.O^ 

68.48 

14.70 

10.07 

194 

13.744 

14 

1. 107 

69.04 

16.00 

n.05 

214 

14.960 

>5 

i.ri5 

69-54 

17.00 

II. 8z 

23 

15.895 

16 

1.124 

70.10 

18.25 

12,79 

25 

17.064 

17 

i .‘33 

70.67 

19.60 

13,85 

2^ 

18.326 

18 

I. 142 

71-23 

21.00 

14.96 

284 

19.635 

19 

1.131 

71-79 

22.00 

15.79 

30 

20.570 

20 

r.i6o 

7 X -35 

23-25 

16.82 

32 

21-739 

21 

1.169 

72.91 

24-50 

17.86 

34 

22.907 

22 

1. 179 

73-53 

26.00 

19.12 

36 

24.310 

23 

1. 188 

74.10 

27.25 

20.19 

^7 h 

25.479 

24 

1.198 

74-72 

2$. 50 

21.30 

394 

26.647 

25 

1.208 

75-34 

30.00 

22.60 

41J 

28.050 

26 

1.218 

75-97 

31-25 

23-74 

434 

29.219 

27 

1.229 

76-65 

32-75 

25. 10 

46 

30.621 

28 

1.239 

77.28 

34.00 

26.28 

48 

31.790 

^ 29 

1.250 

77.96 

35-50 

27.68 

50 

33-192 

30 

1.261 

>8.65 

37.00 

29.10 

52 

34-595 






It may happen that sulpliAiih amd~)f dmwn front the last chamber of a set— will contain a^ 
..nirly large amount of oxides of nitrogen. These may be readily estimated by the nitrometer. On ' 
the contrapr, it may happen that SOj is present in solution, in which case it is hardly possible for . 
an apprecmble amount of oxides of nitrogen to be also present The SO2 may be conveniently 
determined by standard iodine solution. 

Chamber acid should only contain minute amounts'of SOg or oxides of nitrogen. 

Fuming Sulphuric Acids, m.SOj.nSOs, where m>n. — These acids — known 
in Germany as “ oleum ’’—appear on the market in all strengths, of which the 
commonest is 45 per-cent. SO3. This means that it contains 55 parts of H2SO4 
and 45 of SOj. The acids from 0-40 per cent, and from 60-70 per cent SO3 are 
oily liquids, but from 40-60 per cent, and from 70 per cent, upwards are solids,., 
in the form of colourless needles (see curve on p. 247). It can only be handled 
with 'difficulty, owing to its hygroscopic character. The acids, up to 45 percent, 
may be melted with a gentle heat (30" C.). The sample is then carefully diluted — 
^fter measurement— in two stages if necessary, first with monohydrate and then 
into water, and tested in the same way as with the other sulphuric acids. It is 
usually packed in air-tight wrought-iron drums, upon which this strength of acid 
has practically no action. 


Specific Gravitif.s of Fuming Sulphuric Acid at 35° C. 
(Knietsch. Ber., 1901, 4101.) 
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72 
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44 
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1-9749 

86 
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20 
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54 
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22 
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56 

1.9772 
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24 
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26 
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60 
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94 
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28 

1.9220 

62 
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96 
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30 

- 1.9280 

64 
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98 

1.8488 

32 
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66 
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Conveyance and Handling of Sulphuric Acid. — Chamber or tower 
acid is usually stored and conveyed in lead-lined wooden tanks. Vessels are now 
made of acid-resisting steel, glass-enamel coated steel, and homogeneous lead-coated 
iron (on the metal). All of these have their disadvantages, however. 

Where acid is used in quantity it is, of course, usually made near to the place 
where it is required, and the serious difficulties of handling and storing are to a 
great, extent overcome. The chambers, where used, are usually employed for 
storing the acid made. 

In smaller quantity bottles or glass carboys are used for all strengths. 

For acid of 140“ Tw. 01 over, steel or iron vessels may be safely employed if a 
few precautions are observed. The vessel must not be closed to the outside air, 
as hydrogen might be evolved therein, and considerable pressure accumulated, and 
^ vessel should not be left entirely open, as moisture is likely to be absorbed, and 
severe corrosion take place near the sur-acid surface. In order to effect a com- 
- prpmise, the wisest plan is to employ a vent-pipe sealed in a few inches of strong 
Jadd, and so arranged that ait can. be drawn in or driven out through it. 
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It must be remembered that, although hydrogen has an exceedingly high 
coefficient of diffusion, it is quite possible for an explosive mixture to be lurking 
in an iron vessel which has been or is employed for conveying or storing sulphuric 
acid. The rule should be that no naked light should be brought near such a vessel. 

Sulphur trioxide is put up in sheet-iron drums soldered up tight, much the same 
as those in which caustic soda finds its way to market. 

Uses of Sulphuric Add.— In almost every industry some sulphuric acid 
is used. In more or less dilute form chamber-tower acid is used in enormous 
quantities for the purpose of rendering soluble mineral and animal phosphates 
(superphosphate manufacture for manures) ; for decomposing salt with the production 
of sodium sulphate and hydrochloric acid, thus indirectly in the manufacture of 
soda-ash, soap, glass, bleaching powder, etc. ; in pickling cleaning) iron goods 
previous to tinning or galvanising ; in preparing other acids, and in many other ways. 

It is important to note that two processes of treating phosphate rock which have been recently 
introduced may greatly diminish the amount of sulphuric acid now required for the rendering 
soluble of the tricalcium phosj^ate. The orrc process is a calcining process — the Newberry- 
Fishburne— and the other consists in the use of nitric acid instead of sulphuric acid, as proposed 
by Eyde, of Norway. 

Stronger acid, tower acid, and C.O.V. (concentrated oil of vitriol) is used in the 
purification of most kinds of oil, including petroleum and tar oils, as a drying agent, 
in the production of organic dyes, in the nitration of organic substances such as 
glycerin, cellulose, benzol, etc. 

The fuming acid is now mainly employed in the manufacture of explosives, 
such as nitroglycerin and nitrocellulose, where it is added to weaker recovered acid ; 
and in the dye industry, small quantities being used for drying air and other 
purposes. 

Detection and Estimation of Sulphuric Add.— In the absence of soluble silicofluorides, 
soluble sulphates produce a difficultly soluble precipitate of barium sulphate. This precipitate is 
difficultly soluble in acids and alkalis, though slightly so In strong hydrochloric acid. (Strong 
hydrochloric acid produces a precipitate of if added to a strong solution of the latter ; the 
precipitate, however, is completely soluble in water in the absence of sulphates.) 

Sulphuric acid in the free state and in absence of other acids, or after boiling in presence of 
other volatile acids, may be directly estimated by titration with standard alkali. It may also he 
determined by precipitation with barium chloride and collection, washing, ignition, and weighing 
of the resulting BaSO^ 

Sulphuric acid is usually estimated commercially by the specific gravity. For works’ control 
this is satisfactory under most conditions, and as a seller it is not infrequently convenient. How- 
ever, the specific gravity may be considerably increased by the presence of sodium, aluminium, and 
iron sulphates, so that the buyer should never consent to a contract being based on specific gravity 
only. Two particularly unscientific scales are employed — the one is that of Twaddell, and is in 
general use in Great Britain ; the other is that of Beaume, and is that employed in the United States 
of America and on the European Continent. The rules for the intcrconvcrsion of specific gravity 
and the two arbitrary scales are given in the appendix. 
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SECTION XX 

MANUFACTURE OF SULPHUR 
DIOXIDE AND SULPHITES 


Bv Geoffrey Martin, D.Sc., Ph.D., and J. Louis Foucar, B.Sc. 

Manufacture of Sulphur Dioxide and Sulphurous Acid 

The burner-gases (see pp. 211-221) from pyrites, zinc blende, or spent oxide 
from gas works are sometimes worked for the manufacture of anhydrous sulphur 
dioxide (SO,). The usual process is that of Hanisch and Schrbder (see 
Fig. i). 

The gases from the roasting furnaces (see p. 221), which must contain at least 4 per cent. 
SO2 by volume, otherwise too much water is required for complete condensation of the SO2, enter 
through A, pass under the leaden pans bb and heats them, then pass into the tower cc, packed 



Fig. r. — Hanisch and Schroder’s Process for the Manufacture of .\nhydrous 
Snlphur Dioxide. 


with coke, down which cold water trickles. This absorbs practically all the SOq, which thus 
collects as a solution at the bottom of the tower, and from there runs into the preliminary heater D, 
which is composed of thin lead plates, round which hot waste liquids (from a later stage of the 
operations) circulate and give up their heat usefully. The SOg solution leaves D at a temperature 
of about 85" C., and then runs over the leaden pans B B, where the heal of the flue gases causes it to 
boil, thus expelling SOg through the pipe E E to the cooling worm F, where it is cooled, and most of 
the moisture accompanying it runs away into c. The SOg gas is then dried in a tower h h, packed 
with coke down which a stream of concentrated sulphuric acid trickles, and then passes a taffeta 
bag j (which regulates the pressure) along the pipe K into the btonw pump l, where, under a 
pressure of ^ atmospheres, it is liquefied, cooled in m, run into the cast-iron boiler N, whence it can 
be drawn off as required. The moisture saturated with SOg, which collects in g (a small tower 
packed with lead wire), is boiled by live steam entering through r r. The SOg is thus boiled out 
and recovered, whereas the hot liquid so obtained is used for heating \he preheater d. 

The anhydrous liquid SO, so obtained is sold commercially of 99.8 per cent, 
purity. 

For many purposes, e.g., for bleaching sugar, cellulose, etc., also for treating 
wood pulp for making into paper (see Martin’s “Industrial Chemistry; Organic”), 
there is required a more or less dilute solution of sulphur dioxide in water. 

This is easily obtained by bubbling the gas, rich in SO, either from pyrites 
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burners (see ps ah)*!^ from other : suitable burners, throi^K vrater (after first ? 
washing with water). : 

In order to obtain a strong solution both gas and water must be well cooled. 

For many purposes it is essential that the sulphurous acid (SO5 solution in 
water) should be free from sulphuric acid. {£^., the presence of sulpbunc acid 
in the bisulphite used for treating wood pulp.is very injurious to the fibre.) 

Hence, as pyrites burner-g^ nearly invariably contains SO, (see p. aai), and 
the plant for burning the pyrites must be close to the place of consumption of 
the aqueous solution, many manufacturers find it cheaper to make their own 
sulphurous acid and sulphite by burning sulphur in a suitable burner, and 
leading the gas into water. 

There are two general types of furnace in which sulphur is burned ; of these one 
intentionally volatilises the Sulphur and ensures complete combustion of the gas, 
the other bums some of the sulphur, and condenses that portion which is volatilised 
but not burned. Of these there are again sub types. 



Of Uie first type the most noteworthy is the Tomhiee and Pauli. It consists of a boritonta!-, 
CTlindrical, lined iron shell 8 ft. long and 3 ft. in diameter, with conical ends, making one revolu* 
tiou in two minutes, .'tt one end is a boppn and worm-feed with sliding dampers, at the other a 
rectangular cast-iron box of 37 cub. ft- capvity, provided with sliding damper and vertical uptake, 
which leads to a brick dust-catcher. The sulphur is fed in lamps which melt just before dropping 
into the body of the burner, and a complete liquid coating is formed on tbe inside of the shell as ft 
revolves. The combustion box and vertical uptake complete the combustion. The furnace, box, 
and uptake are all lined with refractory material. Using 98 per cent, Ixiuisiana sulphur, Tt is only 
necessary trt clean out the dross wbid collects once in two months. The appliance will hum 
6,000 lbs. of S per day. 

Hand-fed burners of the first type ate now completely obsolete, and will not be described ; some 
,of them employ secondary air to ensure the complete combnstion of the sulphur. ^TTie writer has 
fband this very satisfactory if such ait be {ureheated. ^ 

Of the second type of furnace may be mentioned the Sacbieaberg bnmer (Fig. 2 ). It is par- 
ticularly snitaUe for the pcoduclion of SO^ in small quantities, and which is required to be as free as 
possifak from SOs, as is r^uired for bleaching, in tbe manufactare of glue, in the refining of suw, etc. 

iRtarting up sulphur is placed in and ignited by inserting a red-hot iron bat through the hole 
in the body (which, .wbpn working, Js closed by a plug). ^ The hopper c and funnel B are filled 
sulphur, which melts and forms a liquid seal in F. Air is drawn through A, and the SOs passes out 
through B. The upper portions of the body and funnel ate waterWled. Comiwemed ait may 
be introduced into B to bum any sulphur sublimed there. The slight coating of sulj^t on the 
pipes, etc., is dSiKMilly preserve them. A burner of this type, fnetsuring only 8 ft. by 3 ft , 

will bum .ton of mliihiitjiet tHengtlwt hana. 
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A more modem type of plant is that patented and produced by Mr B. P. Humphries, of 
Queen Anne's Chambers, London, S. W. / . 

1 ^. 3 shows a furnace of medium siee, while a complete installation is outlined in Fig. 4. 

The plant may be worked under considerable gas pressure, and ahrangement is made for 


Fig. 3. — Humphries’ Sulphur Burner. 
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replmishing the sulphur without any disturbance whatever of the working. Special attention is given 
to the construction o( the joints and to fadlities for cleaning out. The tatter is seldom necessary — 
once every few weeks, or maybe months — depending o-n the work required from the plant. For sqme 
purposes, such as sugar defecation^ a feature is incorporated which diminishes (he content of SOj in 
the gases to a minimum, conformably with the most recent recommendations of sugar experts. 

Installations of single units and of batteries are in use throughout the world. The smallest size 
bums 2^ lbs. sulphur per hour, while a laige size burns 50 lbs. per hour. 

The sulphur furnace, cooler, and system in general are covered by patents. 

Properties anci Uses of Sulphur Dioxide and Sulphurous Acid.— 
Colourless gas, with a pungent, suffocating smell, incombustible, and a non-supporter 
of combustion. Sp, gr. = 2.26 (air= i). 

By cooling or compression it may be condensed to a colourless mobile liquid, 
boiling at 10“ C. under atmospheric pressure. The pressures exerted by liquid SOg 
at various temperatures are : — 

Temperature • • - -lo'^C. -l-o‘’C. d-io^C. -t-2o‘’C. +3o‘*C. -l-4o‘'C. +50*C. 

Pressure (in atmospheres) - 0 0.53 1.26 2.24 3.51 5.15 7.18 

Critical temperature = 1 56° C. ; critical pressure « 78.9 atmospheres. The latent 
heat of evaporation is large, being 93.4 calories per kilo at ~ 10“ C. 

Liquid SO2 does not act upon iron, and is therefore put up in steel cylinders, 
being used in refrigerating machines. The gas is also used in bleaching, and for 
antiseptic purposes. 

Its chief advantages for this purpose are its fairly high latent heat and pungent smell, the latter 
giving timely warning of any escape. 



Fig. 5.— Complete Plant for Making Solution of Sulphur Dioxide. 


SO2 is very soluble in water (water at o" C. dissolves 79.8 vols. of SQ^ at 20" 
39 vols., at 40" C. 19 vols.) ; considerable heat is evolved in the process of solution, 
and the liquid behaves as if it were a solution of sulphurous acid (HgSOg). 

It corrodes many metals, such as wrought iron and zinc, decomposes carbon- 
ate, forms salts with most metals, and generally behaves like an acid. 

Uses.— The gas or its aqueous solution is mainly used for bleaching and antiseptic purposes, 
in sugar puridcation, and in making large numbers of organic chemicals. 

The most important use is undoubtedly in paper making, where vast quantities are used in the 
form of calcium bisulphite. Large quantities are also used in the Hargreaves saltcake process 
(see p. 289). 

Much sodium bisolplute is used under the name of '‘antichlor,” in order to withdraw the last 
traces of Dionne from goods bleached with cMwine. Solid Sodium sulphite (NajSOj + HgO) and 
potassium metasulphite (K^SsOj) Jle lioth made on the large scale. 

Analysis.— Sulphites or other combinations of sulphurous acid are readily recc^ised by their 
smeW on acidification with sulphuric acid, by the bleaching properties of the resulting gas, by its 
discoloration of solutions of permanganate and iodine, and its reduction to in presence of nascent 
hydr<^eD (zinc or aluminium). Sulphur dioxide may be estimated by standard iodine titration, 
by oxidation to snlphuric acid and precipitation as barium chloride or titration with standard 
alkali in the case of its aqueous solution, and in the absence of other acids. 

The air of towns near metallur^cal works, smelters, or calciners usually contains sulphur 
dioxide, which slowly oxidises widi the formation of sulphuric acid or possibly of ammonium 
sulphate. If it exceed a certain amount volume), serious damage will be done to vegetation, 
wluch caimot become accustomed to it. 
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SECTION XXI 

MANUFACTURE OF OTHER 
SULPHUR COMPOUNDS 

By Geoffrey Martin, D.Sc., Ph.D. 

Carbon Disulphide {CS2) 

Manufacture.— By passing sulphur vapour over heated carbon, when the two 
unite thus 

C + Ss = CSa. 

At one time the heating was effected externally in retorts, charcoal and unrefined 
sulphur being employed. 

Af" the present time internal electrical heating is employed, and the substance 
is now made on the large scale at Penn Van, New York, America. 

The electrical process for the manufacture of CSg has been fully described by Taylor [Joum. 
Franklin Inst., 1908, 83, 141-161 ; also United Stales Patents, 688,364, loth December 1901, and 
871,971, 26th November 1907). Fig. i shows one of Taylor’s smaller furnaces. It consists of 
a vertical lined cylinder into which a mixture of sulphur and charcoal is fed in at the top through 
the opening x (from a gas-tight charger). The heating Is effected electrically, the current passing 
through the carbon electrodes i)D at the base of the furnace. 

There are four of these electrodes arranged at right angles to each other something like a cross. 
Out illustration shows only two. The metallic portions of the electrodes are kept cool by a stream 
of sulphur, which enters through the hoppers «, fills the annular chambers 0, and falls on to the 
electrodes, melts, and flows to the bottom of the furnace. 

There is thus an annular layer of sulphur surrounding the lower part of the furnace, which is 
gradually melted and finds its way to the reaction zone. This arrangement absorbs heat which 
would otherwise be radiated from the walls of the furnace, and so be lost. 

At K are pipes through which broken carbons are passed (refuse from the manufacture of arc- 
light carbons) which reinforce the main carbons. These broken carbons pass over the electrodes 
and convey the current from the electrodes to the charcoal, and prolong the lives of the electrodes. 
The current is usually passed from one electrode to the other immediately opposite, across the 
intervening charcoal. The current, however, can be switched across to an adjacent electrode 
to burn away obstructions which may -prevent the descent of the charge in the furnace shaft. The 
sulphur melts, comes into contact with the hot electrodes, and is transformed into vapour, which 
passes up through the layer of charcoal in the shaft and unites with the charcoal to form CSg 
(C + Sa^CSj,). As the charcoal thus bums away in Ihe region of most intense heat the charge 
in the shaft gradually descends in order to take its place. The shaft is kept filled with the 
mixture of charcoal and sulphur, fresh material being charged in through X as the layer sinks in 
the shaft. The vaporous CSg passes out through p into the condensing towers, 

Thjs furnace is i6 ft. in diameter and 41 ft. high (see Fig. i). It runs con- 
tinuously for about one year before cleaning out or ilfcewing the electrodes. The 
insulated electrodes at the base are connected by means of aluminium bars, 6 in. 
wide and | in. thick, with dynamos of average voltage, 50. Yield of CS2 is t4,ooo- 
25,000 lbs. of CSj per twenty-four hours. 

Purification of CSj. — This is effected by distillation in vessels of sheet zinc 
on the water bath, with the usual condensing coils. 

In the first portions of the distillate are foul-smelling impurities. The last 
portions contain sulphur. The middle portions are the purest. 

VOL. I.— 17 
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* by so^^'(which retains much H^S) and distUImg. Also 

mixing with milk of time and disUlliog. 

The vapours may be nassed through sdiutions of iron, lead, and copper in order to remove 
impurities. Amtating with mercu^ until no btackening occurs is efhcient. Cloez adds 0.5 per 
cent. HgClj, which removes the evit-smelKng sulphur compound, decants, adds 0.02 per cent, of an 
inodorous fat, and distils the mixture on the water bath. Another process is to ^d 2*3 per cent 
of dried CUSO4, shake, allow to settle, and rectify over dry CUSO4. 

Another technical method is to wash with lime-water until clear, and distil with i per cent, of 
colourless oil and a little water ’containing acetate of lead dissolved. , 


Transport and Storage. — ^The substance is sold in iron drums provided 
with a screw stopper. Since carbon disulphide is very volatile, and its vapour forms 
a highly explosive mixture with air, the storeroom should be isolated froth other 
buildings and be kept well ventilated. 

The carbon disulphide should be drawn off for use through a syphon. 



Fig. 1.— Taylor’s Carbon Disulphide 
Furnace. 


Properties.— Colourless, veryjvolatile liquid. B.P., 46' C. Solidifies at 
-112’ C. Vapour ignites at the low temperature 01,149° C. in air, and so is 
dangerous to handle near a naked light Refract, ind., 1,645; ®P- S'"-. •■*9215, 
0° to 4°. 

■The pure substance has a pleasant ethereal smell. The commercial has a 
foetal odour. _ Immiscible with water; soluble only to extent of o.t per cent. 
Aqueous solution acts as an antiseptic. Liquid dissolves fats, oils, camphor, 
caoutchouc, sulphur, phosphorus, iodine, etc. 

Uses. — Almost wholly as a solvent However, it is so dangerously inflammable 
that its use, even in the cold, is being superseded by light petroleum, or non- 
inflammable chlorinated hydrocarbons. 

It is us^ also as an insecticide, especially for destroying weevils, etc., in gfaim 
A little sprinkled on the grain kills the pests without injuring the grain. Also it 
is used a&a solvent for rubber in the preparation of vulcanised caoutchouc, seamless 
joints, - 
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Sodium Thiosulphate, NasSj0j.5H20 (Hyposulphite) 

This salt, formerly made by the addition of sulphur to sodium sulphite, is now 
manufactured on the large scale from alkali waste (Leblanc process) by exposing 
it to air for a week or more, turning over from time to time to bring every part 
imo contact with air, lixiviating with water, adding sodium carbonate to pre- 
cipitate any calcium, decanting from the precipitate, evaporating, and crystallising. . 
It is also prepared from bicarbonate by boiling with an equivalent quantity of sulphur 
and treating with SO^; this method is obviously suitable only to ammonia-soda' 
work. Further methods consist in the oxidation of sodium hydrosulphide at 150', 
in passing H.jS and air or oxygen over sodium sulphide at 300° C., in fusing 
sodium sulphite with sulphur, etc. 

Properties. — Neutral transparent prisms. Melts in own water of crystallisation. 
Very soluble in HjO, forming supersaturated solutions (217 parts of salt will be 
held in solution by too parts of water at o” C.). 



Fig. 2 . — E.xteraal View of Plant for Producing Sulphur Disulphide. 


Uses. — For remoying last traces of Cl from bleached goods (antichlor) ; — 
NajSjO, ■(. 4 Clj + sHjO = aNaCl + aHjSO, + 6HC1. 

In photography for “ fixing,” since it dissolves silver chloride, bromide, etc. Also 
used as a source of SOj in bleaching oils, straw, wool, etc. ; as a preservative 
in sugar manufacture ; as a mordant in medicine ; also in analysis, since it absorbs 
iodine according to equation : — 

aNatSgOj + le = aNal -1- NajS^Oj. — 

Sodium Hyposulphite. — NajS204 is made On the large srale as a reducing 
agent in the, dyeing and calico-printing industries, by the acti'on of zinc on a 
solutbn of sodium bisulphite, the zinc being removed by lime, and the sodium 
hyposulphite being precipitated by adding salt, when NajSj04 . zHjO is obtained ■ — 

4 HN&SOa + Zn = + NagSOs + ZnSOj + zHgO. 

By treating the unstable compound NajS504. aHjO with alcohol, the water of 
cr^tallisation is rempyq^ignd the resulting anhydrous salt is' fairly stable, being 


z6o 


INDUSTRIAL CHEMISTRY 


sold under the name “ Hydrosutphite B.A,S F." containing 90 per cent, of 
hyposulphite. 

This cannot be used in calico-printing a| a discharger, since the Steam oxidises 
it. Instead there is used a formaldehyde derivative, prepared thus : — 

/SOjNa 

H 2 O + 2CHaO + 0< 

\SO.Na 

Formaldehyde. Sodium 

hyposulphite. 

The mixture of salts is sold as " Hydrosulphite N.F.,” “ Rongalite cone." 

These, although they do not reduce at ordinary temperatures, yet in boiling or 
steaming they are decomposed into their constituents, which act as reducing agents 
in the usual way. They are now used as discharges for cotton. 

By treating sodium formaldehyde bisulphite with zinc the whole of this can 
be converted into sodium formaldehyde sulphoxylate, being sold under the names 
“Hyraldite C. Ext.," “Hydrosulphite N.F. cone.,” etc., of formula 
NaHS0a.CH,0.2HA 

Other uses of sodium hyposulphite are as a decoloriser for sugar juice, and 
as an oxygen absorber in gas analysis. 

Sulphuretted Hydrog^ (H.^S) is an evil-smelling, colourless gas. Poisonous when inhaled. 
Large quantities are produced in the recovery of sulphur from alkali tank-waste by the Chance 
process, and a smaller amount from gas liquor. Its uses are somewhat limited. 

It was proposed to pump it into steel liottles in liquid form in a similar manner to that in 
which SO2 and NHj appear in commerce, hut the corrosion ol the valves was so considerable that 
the effort proved a failure. 

As an analytical reagent it long held the field, and even now is invaluable for many purposes. 

Its uses in industry are practically confined to the precipitation of metals, and to a limited extent 
in the preparation of sulphur dye-stuffs. 

For Persulphuric Acid, see Section XLlIl., p. 424. 


/SOgNa /oui! 

<cH.on " "V 

Sodium form&l- Sodium formal- 
dehyde bisulphite dehyde sulphoxylate. 


SONa 


,OH 
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SECTION XXII 

THE SALT INDUSTRY 

By Geoffrey Martin, D.Sc., Ph.D. 
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Much curious information regarding sail is given in the following articles in magazines 
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Common salt, sddium chloride (NaCi), is a mineral found in great abundance in 
nature. Economically the substance is of great importance, for not only is it an 
essential component of the food of man and animals, but also it is the source 
whence, industrially, most of our sodium .salts are manufactured: for example, 
it is the raw product for the manufacture of salt cake (sodium sulphate), sodium 
carbonate, caustic soda, soap, etc. The only exception to this rule is sodium 
nitrate, which is found native in very large quantities in Chile. 

Occurrence of Salt.— Immense deposits in the form of rock salt are found 
in many parts of the world. The principal deposits occur at Wieliczka, in the 
Carpathians (where the deposits are said to be 1,200 ft. thick and the mines have 
been worked since the eleventh century) ; at Cordan (near Barcelona) in Spain, 
where there are two hills of very pure rock salt, each about a mile in circumference ; 
at Stassfurt in Germany, where the layers exceed 3,000 ft. in thickness and are 
first reached at a depth of 832 ft. from the surface. It also occurs in the Alps 
at Salzburg, Hall, Hallein, Ischl, Aussee, Berchtesgaden, Heilbron, etc., etc. 

Very extensive deposits of salt occur in China, Africa, Asia, Mexico, Colombia, 
Venezuela, and Russia. In fact, the richest deposit of rock salt in the world is 
said to occur near Iletz Zaschtchiti in the province of Orenberg, South-East Russia. 
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In the United States and Canada' very extensive deposits occur, the principal 
localities IteingiNew York State, Michigan and Ontario, Utah, Virginia, Ohio, 
Louisiana, and Kansas. . 

The main British deposits occur in Cheshire and Lancashire, while it is also 
found near Carrickfergus and near Larne m Ireland. 

At Northwich, in Cheshire, the top bed of rock salt is 75 ft. thick and lies 
135-150 ft. below the surface. Under this comes a layer, 30 ft. thick, of hard 
marl, and then comes a second bed of rock salt 105 ft. thick. Below this ct^ 
successive thin beds of salt. At Winsford in Cheshire the beds are similar to those 
at Northwich, the upper bed of salt being 70 ft. thick and the lower 120 ft. thick. 
Similar beds occur at Droitwich and Stoke Prior in Worcester, at Preesal in 
Lancashire, near Barrow-in-Furness, in Staffordshire, and various other localities. 

Composition of Rock Salt. — ^The natural rock salt, as it occurs in the 
mines, is usually strongly contaminated with calcium sulphate and magnesium salts, 
and so cannot be directly used. The following figures refer to the average com- 
position of some rock salts which are commonly met with : — 



Qieshirc. 

Stassfiirt, 

“ Jflngere Steinsalz.” 

Stass&rt 

(Impure). 

Wieliczka 

(White). 

Cardona. 

NaCI .... 

98.30 

97.0 

94 - S 7 

100.00 

9«'55 

CaSO, .... 

‘•65 

1-5 

aS9 


0.44 

Mg sails • . . . 

0.05 

as 

097 

... 

0.02. 

CaClj .... 





0.99 

Alumina and ferric oxide > 



3-35 



Water .... 


1.0 

0.22 



Total - 

100.0 

100.0 

100.00 

100.00 

100.00 


Sea Salt — Enormous quantities of salt are found in the oceans and seas, 
whither it has been brought by the rains and rivers flowing from land to sea, a 
process which has gone on without interruption for millions of years, and is still 
continuing. The sea water evaporates, falls as rain on the land, and runs back 
into the sea by mejns of numerous rivers and rivulets. Thus the salt and soluble 
components of the soil are being continually washed away from land to sea, and 
the stores of salt now accumulated in the seas and oceans represent the net result 
of the lixiviation or extraction of land for many, geological ages. 

100 g. of sea water contain 



The Ocean. 

The Mediterranean. 

The Dead Sea. 


Graois. 

Gramt. 

Grams. h 

NaO .... 

2.723 

3.007 

8.79 

MgCb • - - 

0.334 

0.385 

8.99 

MgSO, ■ - - 

0.225 

0.249 


CaSO, 

o.t26 

0.1^ 


KCl - - - - 

■ 0077 

0.0K 

fc# 

MgBtj 

0.008 

0.008 

o.» 

CaCOj - - - 

0.012 

0.012 


-'Tofd salts - 

3-505 

3.887 . ' 

22.03 


To every 100 g. of NaCl in ocean salt we have 
NaCl - • - - 


MgCL- 

MgSO, 

CaSO.. 


Gram*. 
' 100.00 
12.27 
g.a6 
- 1.62 


KCl - 
MgBr,- 
CaCO, 


Grant. 

2.83 

0.29 

0.44 
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. The Dead Sea teally consists of mother liqpofs from which part of the salt has already separated. 
As reguds other seas it may be remarked that the Baltic and the Black Sea ate poor in salt, 
cdntahiing only about half the amount of NaCl per 100 g. that the Atlantic Ocean does. It should 
aho be noted that the relative proportions of the salts which occur, for example, in the Atlantic 
Ocean and the Mediterranean are practically the same, whereas the Caspian Sea is much richer in 
S^phates. Analogous to the Dead Sea is the Utah Sea, which contains some 20-30 per cent, 
of salt , 

.Extraction of Rock Salt. — In many salt mines (especially that at 
Wieliczka) the salt is systematically mined, by first breaking down the rock salt by 
means of powder. Then the broken salt is shovelled into tracks and sent to be 
ground into a more or less fine powder at a crushing and grinding mill placed at 
the hank of nearly every rock salt pit, when it is ready for shipment. 

In order to support the roof, columns of either unchanged rock salt are left at intervals, or else 
the hollow spaces, from which the salt has been removed, is filled in again with debris. 

The pillars which are left to support the roof are in proportion to the depth of the mine. Thus 
at 330 It. one pillar is left for every iij times its area of salt worked. The pillars are usually 
10 yds. square, and are separated by intervals of 25 yds. 

However, it is now usual to direct water systematically upon the salt so as to 
prepue a saturated solution of brine. This is then pumped up to the surface, 
and is either piped directly to alkali works, or to where salt is required in the 
solid conditions ; the brine is evaporated in the manner we will presently describe^ 
and the salt allowed to crystallise out. 

In this manner peat chambets are hollowed out in the rock salt beds in certain mines, and 
means have to be taken to prevent the roof from subsiding by leaving undissolved certain pillars 
of salt or by timbering, etc. 

In Cheshire, natural brine which penetrates only to the upper bed of salt is 
reached by sinking a shaft some 10 ft. in diameter lined with cast-iron cylinders 
jefinted together or backed with timber. This shaft is carried down until the marl 
covering the rock salt (which is fairly impervious to water) is reached. Then a 
bore-hole is driven in until the natural brine is tapped. 'The brine rushes up 
into the shaft often with great force, and is then raised by common pumps to the 
surface, whence it flows into reservoirs lined with puddle clay and brickwork 
Occasionally large wooden tanks are employed as reservoirs, Ihe timbering being 
held together by wooden plugs (nails cannot be used on account of corrosion). 
From these reservoirs^the brine is piped directly to the salt pans or to alkali wotJts- 

The piping used sometimes consists of trunks of trees bored out in the centre and tapered at 
the ends, so that the end of one pipe fits into that of the next pipe. Iron piping U also used, but 
is r^arded as inferior to wood piping in some respects. 

In cases where no natural brine is found a shaft is sunk, in the manner above 
described, to the layer of rock salt and then a stream of fresh water is pumped down 
on to the bed of salt, allowed to saturate with salt, and then is pumped up again. 

The concentrated brine is heavier than pure water, and so collects at the bottom 
of the shaft, and care is taken to draw only from the bottom of the shaft, the 
pumps being only worked so long as the brine comes up almost saturated (since 
weak brine requires much expensive fuel for evaporating the excess of water). 

The specific gravity of the saturated brine, is about 1.2. As the brine is pumped 
away from the bottom of the cavity more water flows in, the cavity becomes larger, 
and the productive capacity of the shaft becomes greater. 

However, the removal by solution of these subterranean beds of salt by the agency of water 
ttuscs in some distrios very serious subsidence of the land above them. In foct it is quite common 
In brine*pumping districts for ineces of land to sink at the rate of 1 ft. a year. 

- The water finding its way down to the rock salt beds often runs for miles along its surface, and 
so an everdnereasing layer of salt is removed. When the water becomes saturated the absorption 
of ^e salt ceases, but should the water be pumped up again for manufacturing purposes a fresh 
skpi^ of water flows iD» Md so the action goes on from year to year, often with bad subsidence of 
.:|1 m overlyii^ land. 
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Manufacture of Salt from Sea Water— Solar Salt 

In countries provided with an abundant supply of sunshine, much salt is obtained 
by the evaporation of sea water. Such salt is called “Solar” salt (Lat. sol, 
the sun). 

The chief countries where the process is worked are France, Portugal, Italy, Dalmatia, the 
Crimea, the United States, and in countries bordering the Mediterranean Sea and the Atlantic 
Ocean. 

In France, especially, the irrdustry is a well developed one ; no less than twenty-five large sea- 
salt works being in operation ; the most important company is known as the “ Comp, des Product, 
chim. d^Alais et de la Camargue,” and the most important works are situated at the mouth of the 
Rhone and in the Giraud district. 

The general method of work is as follows : — A piece of flat land lying well 
below the high-water level, is levelled and surrounded by a bank or wall. The 
best soil to use is clay, which is easily made water-tight. If the land is not clay 
the ground is puddled with clay to make it water-tight. 

The enclosed space, often many acres in extent, and called a “ salt garden ” or 
“salt meadow," is divided into compartments by internal walls. Sea water is now 
admitted into a (Fig. i) at high tide (usually in spring), and is allowed to stand 
in this shallow “concentration” pond until the concentration has risen from 3.5” to 
25° Be., /.A, nearly to the saturation point. There separates out at this stage, 
clay, calcium carbonate (CaCOj), gypsum (CaSOj), etc. Tbe concentrated sea 
water is now allowed to run into the crystallising pond B (Fig. i), where the 



Fic. 1. — Manufacluru of Salt Irom Sea Water. 


concentration is allowed to proceed until 27* Be. is reached, when fairly pure 
NaCl (95-97 per cent.) separates out in a crystalline form. 

The mother liquors are now run into other ponds such as c (Fig. i), and 
the concentration continued until 32* Be. is reached, when NaCl of inferior quality 
is obtained. 

The separated salt is then raked together into heaps, and allowed to stand in 
the air n (Fig. i); there it slowly dries, the deliquescent salts, such as MgCl2, 
running away or being washed out of the mass by occasional showers. 

In good seasons each square metre will produce in forty days some 55-72 kg. 
of salt. 

Now it will be recollected that sea water contains to each 100 g. NaCl present about 12.20 g. 
MgClj, 8.26 g. MgS04, 4.62 g, CaSOj, 2.83 g. KCl, 0.29 g. MgEr^, 0.44 g. CaCOg. In the 
course of the evaporation above described, most of the NaCl has been removed, also the CaSOi 
and CaCOj. There, therefore, remains behind in the nwilher liquors much MgCl2, MgSOj, MgBrg, 
and KCl. In France, in the Giraud district, these mother licjuors— now concentrated to of their 
original bulk — are still worked up, according to a process introduced by Balard, for magnesium 
and potassium salts, in spite of the development of the Stassfurt deposits (which now supply the 
bulk of the magnesium and potassium salts of commerce, see p. 329). On further evapo^tion 
these mother liquors we get sel mixte crystallising out, a mixture of about 40 per cent. ^^04 and 
60 per cent. NaCl, and from this Glaut^r salt (Na2S04ioHgO) is made by dissolving the mixture 
in water and exposing the solution to a natural or artificial cooling a few degrees below-0* C>, when 
the following change occurs : — 

MgS04 + 2NaCl = NajSO* + MgClg. 

The sodium sulphate crystallises out as Glauber salt, while the MgClj remainit^hind in solution. ■ 

After the separation of the sel mixU there crystallises out Carnallite (KCl, MgClg, 6H2O), whi(i 
is worked for kCI in the manner described under Tbe Stassfurt Industry, p. 330, also p. 335 of 
Section XXIX. 

In the mother liquors from these residues a considerable amount of bromine occurs, and the 
liquors are sometimes worked for this in tbe manner described in Section XL., p. 403, under 
“Bromine.” 

Recently is tbe Giraud district in Frants vacuum evaporating pans have been set up (described 
b^w) as^S &Ctory for ammooia soda after the Solvay proces.s has also been erected. 
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In Russia (Siberia, N. Russia, etc.) much salt is obtained by allowing sea water to freeze. After 
removing the ice (whieh is almost pure water) mother liquors rich in salt ate left. These are once 
mote allowed to freeze, the ice removed and, on gentle evaporation, salt separates from the mother 
liquors. It is purified by exposing to atmospheric moisture. A sample contained NaCl 77.6 per 
cent. ; MgCIg 1.66 per cent. ; CaCl,, a94 per cent ; NogSOj 13.60 per cent ; insoluble 6.20 
per cent. 


Manufacture of Salt from Brine 

Much salt is obtained, especially on the Continent, from natural or artificial salt 
springs which issue naturally from the earth, or are pumped up from below by 
means of artificial bore-holes (see above). Many of the natural salt springs are 
almost saturated (e.g., at Liineberg there is such a spring which has been known 
since the year 956 a.d.) while others are dilute. 

The following figures give the composition of some well-known brines ; — 


TOO Parts Brine Contain 

Northwich 

Bottom 

Mine. 

Droitwkh. 

Fried- 

richshaii. 

Syracuse, 
New York, 
U.S.A. 

Middles- 

brough, 

Schonbeck. 

NaCl .... 

25.790 

22.452 

25-563 

21.710 

24.930 

9.623 

CaSO* 

0.450 

0.387 

0.437 

0.505 

0.450 

0.339 

MgClg 

0.093 


0.005 

0.136 


0.083 

KCl, K,SO, 






0.021 

CaCO, 

0,018 


0.010 


0.036 

0.026 

CaClj .... 

0.044 



0.188 



Na2S04 


0.390 



0.020 

0.249 



0.034 





MgSO. 



0.023 


0.046 

o.or2 

FeCOj 



, - 

0.005 


0.001 

Total • 

26.395 

23.263 

26.038 

22.544 

25-476 

■0-354 


In parts of Germany and the Continent, in cases where these salt springs contain less than 
16 per cent, of salt, they are sometimes concentrated by allowing the liquor to drip over tall 
blackthorn hedges in the free air. An enormous surface is thus exposed to the air, and CaCO^, 
CaSO^, etc., deposits on the thorns and twigs of the wall. However, this process is uneconomical, 
because much salt is lost by being blown away by the wind, and practically it is found more 
economical to either buy rock salt and add it to the water from the springs and so bring them 
to saturation point, or else to penetrate the underlying salt beds by means of bore-holes and 
allow fresh water to run down and saturate itself with salt. This brine is then pumped up. 

The brine, brought up to the saturation point, is next run into large “salt pans” 
and boiled down for salt. 

These salt pans are made of wrought-iron plates riveted together, like boiler 
plates, and heated from below. At Northwich, the smallest pans employed are 25 ft. 
long by 20 ft. wide and ij ft. deep, but larger pans used for making coarser salt 
are 70-140 ft. long by 25-30 ft. wide by 1J-2 ft. deep. Many salt pans hold over 
50 cub. m. of brine. The pans are placed upon brickwork, w'hich forms the flues, 
while the fireplaces are put in front 

Fig. 2 shows a cross section through a typical English salt pan. 

The salt pan A is heated by dues running undem^th and, supported upon the flue walls, has 
running down each side at CC a narrow gangway, made of a-in. planks, 2 ft. wide, known as 
the ** standing ^ide.” These gangways run the entire length of the pan, and are used by the 
workmen for shovelling the salt out of the pan on to the “ hurdles ” D, consisting of wooden 
planks, inclined as shown, with a gutter placed at the edge. These form a receptacle for the 
wet salt, the gutter allowing any brine flowing from the wet salt to flow back into the salt pans. 
As considerable strength is required to shovel out the salt from the pans on to the hurdles, a 
nanow toe space” is left beneath the pan, so that the workman in drawing the salt out of the 
pan can get his toe under the pan and so exert greater force. The pans at the side extend some 
6 in. or more beyond the flue walls, in order to give this ** toe-room ” to the workmen, and also 
to keep the angle irons at the sides well out of the flues and so prevent them from becomii^ 
heated strongly. The pans also extend about i ft. to ft. beyond the iron wall of the fireplace 
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lin order to {Mrevent the aiwle irons of the sides becomiog unduly heated). The salt Is drawn 
from the pan. by asort of perforated shovel known as a ^^sklmmer.” 

The plates of the pan which are directly over or near the fires are thicker 9 in. thick) and 
smaller than the other plates (9 in. thick), because they wear away more rapidly. Each set of 
fire-plates is separated from the neighbouring series of fire-plates the long plates resting upon 
the wall dividing the two fireplaces. The floor of the pan 4 s firmly joined to the sides by means 
of an angle iron. All the plates are riveted together like boiler plates, and are made out of 
wrought iron. 

A somewhat difTerent arrangement is adopted in Continental salt works. Here 



the salt pans are usually covered with a wooden cover, provided with an upright 
shoot to take off the steam. This cover keeps in the heat and accelerates the 
drying of the salt. 

Figs. 3 and 4 show, for example, a typical German salt pan as worked at Schonebeck. The heat 
is supplied from two fireplaces A and B (using ^’brown” coal), and the hot gases therefrom stream 



under the pan backwards and forwards several times through floes armnged as shown in Fig. 5, 
the hot floe gases finally escaping away to the chimney by pwing undemeatn the ** dryios hearUis ” 
which are ac^acent to the salt as shown. In these drying hearths the salt is finally &ed. 

The evaporarim of the t^e is <m tlw Continnit usualfy carried out in two distuKt stages.. 
I. The brine is first mn into drcolar pans provided with stirring gear (*'Stdrplaunen”K 
evap^ted until the brine is quite saturated. At the some time a certain amount of purification 
is effected at tlus stage, because here there separates (together with some N«^} such substances 
as C:aS04 (gyraum), Na^4, Fe(OH)|, and certain organic redoous matter (known as “Quell- 
saure “ Erdham % 

2 . After the has been saturated and purified, as above described, it is next run into the 
salt pans (“ SiedepCatmen ’*), where it is boiled down as described in the EngUsh process. Here 
the ^t U i^^arated in a fairly pore fom in crystahi, and by means of and pirated ibovels is 
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drawn out, placed wet upon a dripping board or mantle (“hurdles”) above the pans, so that 
the uprising steam serves to dry it, and then is transferred, by means of suspended iron trucks, 
into the drying rooms. 

The drying process is completed on iron or stone floors adjoining the salt pans 
and heated underneath by flues, through which stream the waste hot gases escaping 
from the salt pan fires (see Fig. 3). This method causes lumps to form in the 


Section throughAB. 



Fig. 4.— German Salt Pan at Schbnebeck. 


salt, and consequently the better qualities of salt are often slowly dried on wooden 
gratings or in perforated shelves in special drying chambers. 

The varieties of salt formed differ considerably according to the temperature at 
which the pans are worked. 

Fine-Grained or Lump Salt is made by actually boiling the brine in small- 


<>: 



Fig. 5. — German Salt Pan at Schdnebeck. 

sized pans (say 20-40 ft. long by 20-25 ft. wide and 16-18 in. deep). The tempera- 
; ture of the boiling brine is 107.5’ C., and the salt as it settles out is raked off the 
flre-plates to the side of the pan. Every eight to twelve hours the salt is witMrawn 
from the pan and placed in wooden boxes. On cooling, the hot brine still con- 
tamed in the salt c/ystallises out and knits the whole into a solid lump, which is 
tiihn knocked out of the box and dried in a drying chamber. 
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Table salts are prepared from this hne-grained lump salt simply by grinding. 

The best varieties of German table salt are preperea by removing salt wet from the pans, allow- 
ing to drain on dripping boards, then throwing into centrifugal roacliines, which force out the excess 
of moisture. The pnal drying then lakes place in horizontally placed rotating copper cylinders, 
coated internally with cement (since copper and even tinned copper are attacked by moist salt) 
and provided internally with a rotating worm, which keeps turning the salt over. Hot air is 
passed in a steady stream through the cylinder, whereby the salt is dried without the formation of 
“ lumps.” It then possesses a brilliant white crj^talltne appearance. 

The following analyses give the average composition of three typical specimens of table salt, to 
which is appended a specimen of salt derived from sea water 



Tabk Salt from Brine. 

Sea Salt. 

NaCl .... 

98.40 

97.40 

97.11 

CaSO^ .... 

1.30 

0.58 

1. 10 

MgSO, .... 


0.15 

0.23 

MgCU .... 

0.28 

0.08 

0.04 

Insoluble residue • 

0.03 


ao5 

HgO .... 


1.71 

1.1^0 


100.01 

99.92 

99-9.^ 


Magnesium chloride (MgCy, if present in salt to ay extent, causes an intensification of the 
sally taste, but, being hygroscopic, causes the salt to^ become lumpy and damp. It should, 
however, be noted that even the purest samples of KaCI have a tendency to slick together in 
lumps. In some table salts this difficulty is got over by adding a small amount of bone meal 
(calcium phosphates) to the salt. Thus Cerebros sail is staled in a recent lawsuit to contain 3 per 
cent, of phosphates thus added, which possibly acts beneficially in adding mineral phosphates to the 
food in small quantities. 

For “Common Salt” — as used in certain manufacturing operations— the 
crystallisation of the salt is effected at 6o*-8o! C. in large pans, 40 ft. by 25 ft. by i J ft. 
The salt is raked from the fire-plates every two hours and taken out of the pan 
every twenty-four to forty-eight hours, and, after draining on the hurdles, is ready 
for shipment. The grain of this salt is much coarser than the previous variety 
mentioned. 

Fishing Salt, made for the fishing industry, is a coarse-grained variety made 
by crystallising at 38'’-6o* C. in large pans, often 60 ft. long, 2 ft. deep and 25 ft. 
wide. The salt is removed every seven to fourteen days. The longer the salt 
remains in the pans the coarser the grain. A little alum added to the brine favours 
the formation of large hard crystals. 

Bay Salt is still coarser in grain than fishing salt, the pans being very large, 
sometimes 135-140 ft. long by 30 ft. wide and 2 ft. deep. The brine is kept at 
4o“-5o* C. and the salt is drawn from the pan every three or four weeks. 

The grain of salt can be altered to some extent by adding various substances to the pan. 
E.g.t Alum favours the formation of large crystals (r.;., a coarse-grained salt) while gelatine or 
grease tends to cause a fine grained salt to be deposited. 

** Hopper ” Salt is made by adding alum to the salt, when the salt crystallises out in hollow 
cubes, which float about before they sink to the bottom of the pan. 

Various impurities gradually separate out on the pan— mostly over the fire-plates— and form a 
scale over the bed of (he pan. Thus ai^ bicarbonate of calcium (CaC03.I]gC03) is decomposed 
and a layer of CaCO, is deposited (CaC03.H^Oj = CaC03 + COj + HgO), forming what is 
known as '‘sand scale.” This has to be broken occasionally by a hammer or blunt pick and is 
removed, otherwise the fire-plates would get red hot and burn away. 

Likewise CaSO^ (Gypsum, calcium sulphate) present in the brine also settles out as a hard crust, 
often obtaining much NaCl, and is known as '*pan scale.” This latter often attains 4 in. or more 
in Ithir^Dets, and is broken out and sold as a ** salt lick ” for cattle, also for manuring purposes. If 
tiie brine contains much MgCl2 (Magnesium chloride) the preparation of salt occasions difficulties 
owii^ to the deposition of scale and other impurities. 

Chving to the gradual deposition ttf scale, and loss of efficiency Uierefrom, periodically all the 
liquid is run au^y and the pw cleaned and scale removed (‘* picking ” the pan). 

The mother liquors remaining afUr the removal of the salt are usually run to waste. 
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Manufacture of Salt by Multiple Effect Vacuum Evaporators 

The introduction of vacuum apparatus for evaporating the brine is of recent 
date, and triple effect vacuum evaporating pans have now been employed with 
success for many years at several large salt works. 

Multiple effect vacuum pans have been described in Martin’s “ Industrial Chemistry: Organic, 
65, under Soap (pp. 123-124), under Sugar (pp. 155-160), and in this Volume, p, 378, and we 
will not again describe them in detail here except to mention that heat is applied to the vessels 
through tubes to the first vessel of the series— such heat may be waste steam or hot flue gasses, and 
is passed through hot lubes immersed in the brine. 

The steam generated from the boiling brine in the first vessel is then used for tailing the brine 
in the second, and the steam from the second heats the third. A vacuum is maintained by a special 
pump attached to the last vessel, and consequently the last vessel is under the highest vacuum (so 
the boilir^ takes place here at the lowest temperature), while in each of the preceding vessels the 
pressure is greater and so the U^iling takes place at successively higher temperatures ; so that while 



in the first evaporator the pressure may be only a little under atmospheric pressure, in the last 
evaporator, where a high vacuum is maintained, the boiling lakes place at a low temperature. 

In the vacuum plant designed for salt works special arrangements are made 


continually removing the salt as it separates. 
“ TndiKsIrial Chfimlslrv t Orwanic.” U 


Such devices have been described in Martin’s 
Induslri'al ChemisTcy: Organic,” under Soap, in describing Foster’s salt recovery plant for 
evaporating so^ lies. (See /or. a/., p. 123, and also nnder " Electrolytic Production of Can be 
Sork,” this Volume, p. 37S.) In evaporators employed in salt works, however, very often a long leg 
is fitted to each evaporator so as to maintain a column of brine equal to the racuuin in the veKel, m 
that the crystals of salt as they separate out fall into the bottom of this leg and are continually 
removed by means of an elevator to a storage hopper, and this without in any way interfering 
with the vacua. Fig. 6 illustrates this arrangement, where each evaporator (Aj^, Aj, and Aj) 
is placed at a different height so as to give a length of leg proportional to the vacuum m 
the vessel, the evaporator A, next the vacuum pump being thus placed at the gteatert “ ght. 
Each evaporator has its own elevator (BjEj belongs to Aj, BgBg to Ag, and Bj ^ o 5) g 

the salt as it falls to the bottom of the leg into the hopper. 


The earlier attempts to use vacuum apparatus for evaporating brine failed 
on account of the deposition of calcium sulphate, calcium carbonate, etc., in the 
form of hard crusts on the internal pipes, which speedily rendered the plant 
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ineffective. Now almost all natural brines are practically saturated with CaS04, 
which is more soluble in NaCl solution than in pure water, although its solubility 
is much diminished if either CaClj or N^SOi or MgSO^ is present. 

Hence many works purify the brine artificially before evaporating in the 
vacuum pans for salt. 

Thus at biinebui^ the brine is treated with some milk of lime, which precipitotes the 
m^nesium salts as Mg(OH)2 and also precipitates any calcium bicarbonate present, thus : — 

MgClg + Catoilla = MgtOIIla + CaClg. CaCOj; H2CO3 + Ca(OH)2 = aCaCOs + 2H3O. 
Next some ammonium carbonate liquors are added, which precipitate all the calcium present, as 
carbonate, CaCOg, thus 

CaSO* + (NH^lijCOg = CaCOg + (NriJaSO*; CaCle + (Nll.laCOj ='CaC03 + 2NH^C1. 

The precipitated CaCOg is allowed to settle and the purified brine thus obtained is run 
directly into triple effect evaporating pans and boiled down. The salt is automatically recovered 
(see under Soap, Martin’s “ Industrial Chemistry : Organic,”) as the evaporation proceeds, and 
the mother liquor remaining after the removal of as juuch salt as possible contains all the added 
ammonium silts either as ammonium sulphate ((NH4)gS04) or as ammonium chloride (NH^Ci). 
This is recovered by adding each time to the liquor excess cd lime, Ca(OH)2, which then sets free 
the ammonia, and then COg gas is passed into the ammoniacal solution, converting the free ammonia 
once more into ammonium carbonate, which is once more used for purifying a fresh lot of brine. 
Consequently for each purification ihe only chemical which has to be added each time is lime, the 
ammonia 'being used over and over again. 

Another successful method of treating the brine is the addition of calcium chloride (CaClg) 
(Vis, 1S96), which precipitates the CaSOg (by lowering its solubility) in the form of small 
crystals, which mixes with the salt and does not allow the formation of scale in the tube. The 
salt, after separation, is washed free from CaC 4 by means of fresh brine, and the washings are Mnt 
with the brine into the evaporators once more, so that the same CaC^ is used over and over again. 

In 1900 Vis proposed to electrolyse brine until the NaOH formed is sufficient to precipitate the 
Ca and Mg salts. Afterwards COg gas (flue gases) is passed in to precipitate the rest of salts 
in solution. A very simitar proposal was made% Malcolm and Munton in 1908. 

Mechanical devices for stopping the formation of scale in the tubes of the evaporator have also 
been successful to some extent, e.g.y Trump’s device (patented in 1908) of placing a circulating 
pump in the vacuum apparatus, which caused the crystals and mother liquors to be continually 
returned to the evaporator, thereby favouring the formation of laige crystals, which by their 
scouring action prevented the formation of scale in the tubes. 

The salt separated by vacuum evaporator invariably comes down as fine- 
grained white crystals. It is thrown into centrifugals, and is finally drained as 
above described. It is almost chemically pure, often containing as much as 
99.S per cent. NaCl. . 

The grain of salt produced by these vacuum evaporators is always fine, and where a coarse- 
grained salt is required (essential in certain nianufactures), the concentrated brine from the 
evaporators is allowed to flow into an ordinary open pan where the crystals of salt form slowly 
and grow to a laige size. These tanks are sometimes known as ' ' grainers.” 

The yield of these vacuum pans is far greater than that of the open pans per 
ton of fuel burnt. 

Thus with an ordinary open pan r ton of c<»l (slack, with 15-20 per cent, ash) will make at 
most 2 tons of salt, whereas a good triple effect vacuum evaporator will give 5-6 tons of «alt 
for the same amount of fuel burnt. Since the jwice of fuel is a heavy item in the preparation of 
salt, any saving in this greatly increases the mar^n of profit. 

Another advantage about the employment of vacuum pans ^ is that their 
productive capacity is far greater than that of the open pans. 

Thus from an ordimuy open pan i $-20 tons of silt per twenty-four hours Is considered a good 
yield. However, multiple effect evaporatm^ are built which will produce with ease some 500- 
700 tons of salt per day. 

The main disadvantages of vacuum evaporators are the heavy initial cost, and 
the care with which the brine is to be purified in order to prevent the covering of 
the tubes with calcium sulphate scale. 

^ An interesting d^lopment of the salt industry has recently taken place. The 
problem of utilijsing rock salt for the direct production of white salt suitable for 
commerce and edible purposes, instead of making it from brine, has long occupied 
the att^tioh of ihVentors. 
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wilt be obvious when it is recollected that one imperial gallon of saturated brine will only 
yield on evaporation some 50 ounces of dry salt Thus there is a great fuel consumption necessary 
for the evaporation of brine to dry salt “ Fine ” salt from brine requires with open pans 13 cwt 
of coal, while “ common salt ” about 9 cwt of coal, for each ton of Salt produced. 

. Now ordinary rock salt contains clay, gypsum, and is stained by iron and 
metallic oxides all sorts of colours, ranging from brick red to green or violet. 
Hence, in order to produce a commercial salt of good quality direct from rock salt 
we must remove all traces of these staining impurities. Now the temperature at 
which salt fuses, viz., 776“ C., is so much lower than the very high fusion tempera- 
ture of the impurities contained therein, that it is possible to purify it by fusion 
alone, A great many attempts have been made to purify by fusion, but with little 
commercial success. It is stated that Lee, working for the International Salt 
Co., whose works were at Carrickfergus in Ireland, has overcome these difficulties, 
and that the process may in time revolutionise the salt industry. Lee found that 
when salt is melted in an ordinary crucible, and agitated by a stream of air, and 
then is maintained molten for a considerable time, the impurities settle out at the 
bottom, sinking through the molten salt. On cooling, the whole of the earthy 
impurities deposit at the bottom in distinct laminae, the separation showing a straight 
well defined line, the bulk above it being pure white salt of a good appearance. 

Lee next carried out these laboratory experiments on the large scale. The 
crude rock salt was melted in a furnace of the same type as an open hearth steel 
furnace, and was then run into large vessels, termed “ converters,” into which air 
was blown. The salt, on cooling, shrank away from the walls, and gave a similar 
line of demarcation between the pure salt and the impurities as had been obtained 
on the small scale. However, very great practical difficulties were encountered. 
The clayey matter became viscid, and formed a clog upon the bed of the furnace, 
which prevented the free running of the salt into the converter, and caused much 
salt to remain behind mixed with clay. 

The yield of pure salt thus obtained made the process hopeless as a commercial 
venture. Consequently, it was found necessary to depart altogether from the type 
of an ordinary metallurgical furnace. The furnace employed had an internal 
platform, upon which crushed rock salt was discharged at various openings, and 
accumulated along the platform in the form of cones. When these cones of rock 
salt melted under the heat of the furnace, the melted salt flowed away, leaving a 
residue of clayey matter, etc., capable of being easily removed. The molten salt 
was now allowed to run down to the bed of the furnace, and when enough of the 
molten fluid had accumulated, air was blown through the salt in the furnace itself, 
thus doing away with the use of converters. The molten salt was now allowed to 
stand some time to allow the impurities to deposit, and was then run into moulds, 
where it was quickly cooled. The salt was then transferred to crushing and grading 
machinery, where it was graded into the different kinds of finished salt. 

Lee estimates that 1 ton of coal will by Ibis process give I2 tons of purified finished salt. 
Kxclnsive of the price of rock salt, the price of its conversion into pure grade commercial salt, 
including depreciation on apparatus, does not exceed 2s. fid. per ton. 

There is, it is claimed, much saving of labour as well as a quicker turnover on capital invested 
by this Lee proce.ss than by the usual brine process. Whether the process will stand the test 
of time and the introduction of vacuum pans into the salt industry by the brine process remains, 
however, to be seen. 

The first patent was taken out by Lee in 1903, and several additional patents have since been 
taken out for improvement in the process. 

Properties of Salt. — Sodium chloride crystallises in cubes of sp. gr. 2.2, 
and hardness 2. The following figures give the solubility of salt in water at various 
temperatures . 
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Temperature. 

NaCI in loo g. Solution. 

NaCI taken up by loe g. 
Water. 

o“C. 

26.3 

3S-7 

10® „ 

26.4 

35-8 

20® „ 

26.4 

35-9 

50“ » 

26.9 

36.8 

lOO® ,, 

28.1 

39-1 

ro7.7“» 

28.4 

39-7 


The following figures give the specific gravities of 
strengths at 15'’ C. : — 

NaCl per 100 g. solution - 5 6* ^5g- 

Specific gravity ... - T.0355 1.0726 1. 110$ 


salt solutions of various 


20 g. 25 g. 26.8 g. 
1. 1497 1. 1904 1-2055 


Statistical.— The manufacture of salt is carried out in Great Britain in forty-eight re^stered 
“ works.” Of these, ten occur in the North of England, twenty-eight m Cheshire, North Wales and 
Lancashire. (See “ Forty-Ninth Annual Report of Alkali, etc., Works,” 1913, P- 5*) . 

The total quantity of rock salt mined, white salt made from brine, and salt contained m brine 
used for making alkali, amounted in 1907 to 1,979,000 tons, valued at /644,^, and this quanhty 
has remained fairly constant for many years past. (See “Home Office Report on Mines and 
Quarries for 1907,’^ Part III., Cd. 4343.) . tt • j v” j »• r ^ 

The “Final Report on the First Census of Production of the United Kingdom (1907) states, 
p. 56, that the total output of salt works in 1907 was 



Quantity. 

Value. 


Tons. 

L 

Rock and white salt . . . - 

Table salt (sold in jars or packets) • 

Other products 

1,417,000 

35,000 

618,000 

77,000 

17,000 

Total of salt 

1,452,000 

712.000 


The difference between these latter returns and llic total amount rained is due to the fact that 
alkali manufacturers pump large quantities of brine directly in their works and the amount used by 
alkali manufacturers is not included in this latter estimate. 

The amount of salt of different qualities produced may be estimated from the fact that out o! 
I, [44,000 tons of white salt produced by certain firms in 1907 it was ascertained that 

277.000 tons were (narscj for chemical and manufacturing purposes. 

482.000 „ ,, coarse., for other purposes. 

258.000 ,, „ fine, 

127.000 „ ,, fishery. 

Total, 1,144,000 tons of white salt. 

The price of salt at the works wa.s in 1907, 8s. lod. per ton, while the average value of exported 
salt in the same year on shiplioard was 15s. per ton. The total number of persons employed 
in Great Britain in salt mines, brine pits, and .salt works was in 1907, 4,736 (of which 439 were 
women) ; the net output per person emplcved was (fiyj. 

The amount of salt consumed per head of population Is 30 kg. =67 lbs. — due largely to 
consumption in the alkali industries. 

The following figures show the British imports and exports of white and rock salt : — 



1907. 

1910, 1 

1913. 

Exports • 
Imports - 

582,000 tom (,£452, 000) 
30,000 „ (423,000) 

562,000 tons (,£465,000) 
32,000 „ (423.000) 
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Germany in 190S produced at twenty^three salt mines and sixty*two brine pits t — 

1 , 164, 100 tons rock salt. 

648,100 j,'; refinM salt (siedesalz). 

^ 29,200 „ salt residues (abfallsaiz). 


Total, 1,841,400 tons salt. 

In the same year there was pumped some 15 million hectolitres of brine. 

In the same year she used : — 

488,600 tons table salt (7.7 kilos per head of population). 

529,500 ,, for soda, sodium sulphate (to this must be added brine for the ammonia- 
soda process). 

262,100 ,, for other chemical and technical purposes. 

49 » 50 O »> for manuring purposes. 

Total, 1,445,100 tons (22.8 kg. per head of population). 

At Stassfurt 100 kilos rock salt cost 0.45 mark, refined salt 2.8 marks. On table salt is a duty 
of 12 marks per 100 kilos. As sold in trade, table salt in Germany costs 0.2 mark per kilo (1908). 

The salt tax (only on table salt) in Germany produced, in 1908, 58,200,000 marks. Salt for 
industrial purposes and for cattle are tax free, provided they are denatured. The denaturing agents 
for cattle salt are J per cent, iron oxide and J per cent, wormwood powder. For salt to be used 
in the alkali industry the denaturing agents are t to 8 per cent, sulphuric acid or 2^ per cent, 
sodium sulphate or 8 per cent, ammonia, according to the use to which the salt is to be put. 

The salt production of other lands is estimated (1908) as follows ; United States, 3,000,000 tons j 
Russia, 1,800,000 tons (of which half is produced from sea water); France, 1,200,000 tons (of 
which 40 per cent, is sea salt); Austria, 340,000 tons and 7,400,000 hectolitres brine. 
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SECTION XXIII 

THE MANUFACTURE OF 
HYDROCHLORIC ACID 

By Geoffrey Martin, D.Sc., Ph.D. 
LITERATURE 

Lunge.— “ Sulphuric Acid and Alkali” 1915. 

T. Meyer.— “ Sulfat und Salzsaure.” 1907. 

F. Hurter.— ;/. S0£. Ckem. Ind.^ 1885, 639; 1887, 707; 1893, 226. 

Lasche. — Z. an^w. Ckem.y 1894, 6, 610, cf. p. 614. 


Manufacture of Hydrochloric Acid.— Hydrochloric acid is usually manu- 
factured by heating two molecular proportions of salt with one molecular proportion 
of concentrated sulphuric acid. Usually about half a ton of salt is placed in a large 
semispherical pan set in brickwork and heated by direct firing. An equal weight of 
concentrated sulphuric acid (1.7 sp. gr.) is added from a leaden cistern, when the 
following action takes place : — 

NaCI r- H2SO, = NaHSO, + HCI. 

About 70 pet cent, of thlf^ydrochloric acid escapes through a flue in the dome 
of brickwork which covers the pan, and is condensed by water as is described below. 
The fused mass is finally raked into another part of the furnace, and is there heated 
to redness, when the action is carried to completeness, thus ; — 

NaHSO, + NaCl = NajSOi + HCI. 

The hydrochloric acid escapes through a separate flue. This is known as 
the Salt Cake Process, and details of the furnaces, etc., are given fully in 
Section XXIV., p. 281. 

The main product is sodium sulphate, the hydrochloric acid being more or less 
a by-producL ^ * 

The second process of manufacturing hydrochloric acid is known as Har- 
gTCave’s Process, and consists in passing a mixture of sulphur dioxide, air, and 
steam over salt heated to dull' redness, when the following action takes place : — 
aNaCl + SO, -r O -r li ,0 = Na,SO. -r HCI. 

The process is fully described under “Sodium Sulphate" in Section XXIV., 
p. 284. 

The hydrochloric acid gas evolved in the manufacture of sodium sulphate, either 
by the salt cake process or the Hargteave’s process, is always absorbed by being 
led into water. 

At one time the add fumes from the salt cake liirnaces were allowed to escape into the air. In 
*phe of enormous chimneys reachinc to the height of 450 ft. and more, the neighbourhood of the salt 
eala tictoiies was surrounded by dense doods of smoke. The add v^urs in the air killed the 
vegeh^on for miles around tim factories, aud brought great distress to iarmers. Consequently, in 
Iw3 the Alkali Act sras passro which makes it compulsory for 95 per cent, of the escaping add 
gases to be condensed. The exit gases should not contain more than 0. 2 grain HCI per cubic foot, 
and the total amonnV of : add gases escaping must be less than is equivalent to 4 grains ef $0, per 
jiCliMt'ftot. . . ■ 
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This at hist caused great expense to the foctoiies, as at that time HCl was an almost worthless 
by-product ; but soon the rise in value of HCl for the manufacture of chlorine and bleaching powder 
made the forcible condensation process an actual source of grdn, and at the present time it is common 
for 99.27 per cent, of the HCl to be condensed. 

Fig. I shows a typical plant attached to salt cake furnaces, giving 4,800 kg. of 
sodium sulphate per twenty-four hours. The HCl gas escapes from the salt cake 
furnaces a, Aj by means of two separate pipes. One pipe B, made out of acid- 



Fio. 2. — Hydrochloric Acid Receivers. 


proof earthenware, leads the concentrated and fairly cool HCl gas out of the " pan ” 
in A ; while the other pipe B, leads the hot dilute HCl gas out of the muffle or 
roasting part of the furnace. This HCl gas is dilute and very hot, and so the first 
part of the pipe Bj is made of tarred sandstone. The gases pass into two sandstond 
towers c, Cj where they receive a preliminary cooling, and are to a great extent freed 
from dust and sulphuric acid. They then pass through a series of some 50 to 60 
acid “receivers.” These are simply large “SVoulff’s bottles,” made of acid-proof 



Fig. 3. — CclUrius Receivers. 


stoneware, about 32-37^ in. high, connected together by wide fl-shaped pipes, 
and arranged as shown in two parallel rows. They ate laid down so that a gentle 
inclination on slope towards the furnaces exists, so that a stream of water can flow 
through the series in a direction opposite to that of the gases coming from the 
furnace. The holes for the water are well seen in Fig. 2 . This water absorbs 
most of the HCl, and is run off into the side receivers c,, 0 . 

la Germany the more efiicient Cellarius receivers have come into use of late years. 



Ill mm 
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Fig. 3 shows a typical Cellarius receiver. The gas enters at c and escajte at p, while the 
absorbing water enters by the pipe «, flows over the “ saddle ” and escapes by the pipe b. ^hus 
a much larger absorption surfece is presented to the enteri^ gaSj and the latter is more thoroughly 
mixed with the water and cooled. The whole vessel is immersed in tanks filled with cold water 
which thus greatly increases the efficiency of the absorption and the strength of acid produced. 

The gases finally escaping from the terminal receivers now pass into absorption 
towers E, Ej, where they meet a stream of descending water which removes the last 
traces of acid from the gas. 

An absorption tower of improved construction is shown in Fig. i. It consists of a series of 
rings of hard earthenware, about i m. in diameter, set one on the other so as to form a 
tower some 15-30 m. high. The upper part of the tower is filled with coke, and the lower part 
with stoneware plates or bricks. From the water tank h a stream of water is sprinkled by means 
of a rotating “sparger” over the coke and flows in a steady 
stream down the tower, escaping at the bottom into the stone- 
ware receivers described above. 

The gas from the receivers enters at j (Fig. i) 
at the bottom of the tower, and escapes at k into 
a long earthenware tube ff, which leads the now 
acid-free gas away to the chimney. At L samples of 
the acid can be withdrawn and tested. 

In England in many works it is the custom to pass the 
gases evolved from the cake furnaces directly into the 
absorption towers without the introduction of the elaborate 
system of cooling and absorption vessels described above. 

These condensing towers are some 20-30 m. high, and are 
filled with coke or bricks down which a stream of water 
trickles as previously described. They are usually built of 
sandstone plates previously boiled in tar or asphalt, made air 
and water tight with a lute made of tar and clay, and securely 
bolted together by means of iron clamps and bars. The aqueous 
acid thus obtained is not quite so strong as that obtained with 
the more elalxirate condensing system, because the gases enter 
the tower while still hot. The acid, too, is more impure, 
being contaminated with organic matter, sulphur dioxide, 
sulphuric acid, chlorine, chlorides of iron and arsenic— the 
latter substances sometimes being present in considerable 
quantities, being derived from the pyrites used in making the 
sulphuric acid used. Within recent years, acid-resisting 
materials such as silicon-iron alloys (tantiron, ironac, duriron, 
etc.), fused silica, acid-proof earthenware, etc., have been widely 
introduced in constructional details of acid plant 


II- 



The main problem now before hydrochloric acid factories is not so much the 
condensation of all the HCl fumes, but how to condense them in such a manner 
as to yield only strong acid (the only sort saleable), and by the method first 
described the condensation is now so perfect that it is possible to recover some 
99.27 per cent, of the evolved HCl, mostly in the form of strong acid of 21 Be, 
The strength of the produced aqueous acid depends upon the concentration of the 
gas and the temperature at which it enters the absorbing water. 


For example, a 100 per cent, by volume HCl gas at o" C. gives an aqueous acid containing 
45.2 per cent, by weight HCl ; while a 5 per cent HCl gas under the same conditions will only 
yield an aqueous acid containing 36 per cent, by weight HCl (22” Be.), and a 10 per cent. HCl gas 

(by volume) will only yield a 39 per cent by weight IlCl solution (24 Be.). , . 

As the temperature of the entering gases increases, so also the strength of the obtainable acid 
decreases. E .^. , a 5 per cent, by volume HCl gas at 20“ C. will only yield an aqueous acid containing 
33 per cent HCl Iw weight (20" B^.). . u ^ tt 

The conditions affecting the condensation of IICI have been described at length by b. Hurter 
(/. Soc. Chm. Tnd., 1885, 639 ; 1887, 707 ; 1893, 226) and the reader should consult these pape« 
for further information (see also Lt^he, Z. angew, Chm. (1894), 6, 610 ; Lunge, same journal, 
p. 615). 

The problem of the complete condensation of the HCl gases evolved in the 
Rianufajiture of salt cake is first of all complicated by the fact that these gases 
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Contain very va&ble amounts of HCl. the HCl gases from Hargreave’s arid 
the “open roaster” furnaces may contain much less than to per cent by volume 
of HCL Secondly, the cooling down of the gases during the condensing process 
is tendered difficult by the fact that when the gas dissolves in water it evolves much 
beat, so that as the cold absorption water is forced against the current of hot gases 
it rapidly becomes heated, and so does not dissolve the maximum amount possible 
of HCl. However, the introduction of modern pumps made of stoneware, ebonite, 
or acid-resisting iron now enables the manufacturers to pump the liquid in a 
continual stream through the condensing system; and so they can ultimately obtain 
an acid of 20° Be. even out of weak HCl gases, such as are evolved from Hargreave’s 
process. The introduction of these acid pumps betoltens a great advance on the 
old system of manufacture. 

The acid is best elevated by add pumps or elevatois as described on p. 231, under Stll* 
phttric Add 

The add is also elevated sometimes in “ cmulsators/’ where it is blown mixed with compressed 
air in the form of a froth from one vessel to another. The old add ’’ (Fig, 4) still maintains 
its position as a simple acid elevator but is very vastehil compared with elevatois ” and add pumps. 
Compressed air forc^ in at c forces the acid contained in the vessel up the tube ah. 

These “eggs” are sometimes made of stroi^ thick*>s*aUed stoneware* which* however, is 
liable to fradpre under a sudden accidental blow. 

Casing iron with ebonite is efficient but very costly. Lately there have been placed on the 
market non^corroding iron alloys such as “tantiron,” “ ironac,’^* etc., often made of iron mix^ 
with silicon and other components— which are stated to be extremely effident* as regards their non* 
conodibility and their strength. For HO.aq., however, it is always best to use proper add pumps 
for elevating. 

Transport and Stori^e. — ^The acid is usually transported in large glass 
“carboys” or in stoneware vessels some m. high. Occasionally ebonite- 
lined iron vessels or vessels made of guttapercha have been used. HCl is now 
being transported in railway tank waggons lined with specially prepared waxed 
wood. 

One of the great difficulties of the industry has been the expense of the vessels necessary for' 
storing large quantities of HCl for any length of time, all the more so as more hydrochloric acid 
is made (han is required in industry and so the price is low. The cause of this is the fact that 
there is a great demand for sodium sulphate, and the accompanying HCl simultaneously produced 
more than suffices for the demand for toe acid. 

Where hydrochloric acid is required in places remote from alkali works, it is usually manufactured 
by the action of sulphuric acid upon salt in spwial cast-iron cylinders fitted with sandstone doors. This 
add is condensed as already described. It is usually much Mer ^n the acid from alkali works 
and is known ilt the trade as cylinder add in conlradistinctlin to “tower” add which contains 
more sulphuric acid. 

Good commercial cylinder acid should not contuin more than 0.5 per cent, of H2SO.. 

Purification of the Acid. — The purification of the acid from the various 
impurities which it contains (t.g., arsenic, sulphuric acid, SOj, iron chloride, etc.) 
is usually carried out in special factories. 

Arsenic is detected by means of Marsh’s test or by adding stannous chloride, 
which produces a dark precipitate of arsenic. Anenic may be removed by adding 
stannous chloride, settling the precipitate, and redistilling the liquid. Arsenic-free 
HCl is best obtained by employing arsenic-free materials to start with, but it is 
often removed technically in great parts by washing the acid with tar oils. Sulphuric 
add is ^^ected by adding BaCI, solution to the dilute acid, when a white precipitate 
of BaSO, is produced if it is present. Sulphuric acid is largely eliminated during 
thp jMDcess of condensation, but may be completely removed by adding the proper 
of BaClj and distilling. 

k ' ; 'Sulphur dioxide, SO^ is detected by adding zinc to the diluted acid, when 
i^alpburetted hydrogen, HgS, is given off and is detected by its blackening effect on 
acetate paper. Free iodine is found by adding KI and starch solution to die 
"dDttted add, when a blue colour is produced. 
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The complete purification of the acid from these impurities is a matter of great 
difficulty, and where pure acid is essential if is easiest to start with pure sulphuric 
acid and pure salt, and thus exclude the (preign impurities. When chemically pure 
HGl is required it is usually distilled in platinum stills. 

Technical Uses of Hydrochloric Acid.— In England the main use of concentrated hydro- 
chloric acid is for malring chiorine for the manufacture of bleaching powder, chlorates, etc. The acid 
sold is usuaily ao^-aa" B^., acids weaker than this scarcely getting a market. In Germany and 
also in Great Britain large quantities of concentrated hydrochloric acid are absorbed in the colour 
industry, metallurgical industries, and for very many minor industriai purposes. - For example, 
dilute HCl is largely used for purifying coke, iron ores, clay, for regenerating exhausted ^mal 
charcoal, for preparing COg in the aerated water industry, for "pickling” sheet iron in the 
galvanising industry, so as to remove rust and leave a clean surface for the zinc to adhere to. Also 
for the raanuhicture of certain chlorides, in making pottery, and in numerous other things as well. 
One curious application may be mentioned, viz, : the making of freezing mixtures of concentrated 
HCl and snow, or sodium sulphate. 

The acid is also used in analytical chemistry as a solvent, and for titrating purposes. " Aqua 
regia"— a mixture of HCl and HNO3 — is also made for dissolving gold and making gold chloride, 
which finds considerable use in photography. 


Properties of Aqueous HCl. — The pure concentrated aqueous acid is a 
colourless liquid fuming strongly in air. One volume of water at 0° absorbs 503 
volumes of HCl gas. The following table due to Roscoe and Dittmar (Journ. 
Chem. Soc., i860, 128) gives the weight of gas absorbed by i g. of water at 
different temperatures ; — 


einp«ra- 

Grams HC) 

Absorbed by 

tUTf. 

ig.HiiO. 

0* - 

- 0.825 

4 * • 

• 0.804 

8- . 

• 0-783 

12* 

- 0.762 

16* 

- 0.742 

20® 

- 0.721 


Tempera* 

Grams HCl 
Absoibed by 

tore. 

. g. HeO. 

24° - 

- 0.700 

28° - 

- 0.682 

32" ■ 

- a665 

36" • 

- 0.649 

40" - 

• 0-633 


Tempera* 

Grams HCl 
Absorbed by 

lure. 

I g. H2O. 

44" ■ 

• 0.618 

48" - 

- 0.603 

52° • 

- 0.589 

56 • 

• 0.575 

60" - 

- 0.561 


When HCl dissolves in water, 17,314 calories are evolved per gram-molecule of 
HCl dissolved. The composition of the aqueous acid changes when boiled, 
according to the temperature and pressure employed ; but corresponding to a 
definite pressure a constant boiling mixture of HCl and water is obtained. The 
aqueous acid which boils unchanged at no" C. at 760 mm. contains zo.24 per 
cent. HCl (Roscoe and Dittmar, lac. cit.). A weaker solution when evaporated at 
ordinary pressures concentrates to this strength. A stronger acid loses HCl and 
also attains this strength when evaporated. 

The following table gives the specific gravity of solutions of aqueous hydro- 
chloric acids of given strengths, as given by Lunge and Marchlewski [Zeit. angew. 
Chem., 1891, 133)- 
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Specific Gravity of Pure Hydrochloric Acid Solutions at 15 C. 
(Reduced in Vacuo), after Lunge and Marchlewski. 
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SECTION XXIV 

THE MANUFACTURE OF SODIUM 
SULPHATE (SALT CAKE) 

By Geoffrev Martin, D.Sc., Ph.D. 

LITERATURE 
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T. Meyer. — S ulfat und Salzsaure.” 1907. 

Considerable deposits of natural sodium sulphate occur in Persia (near Tiflis), 
in the Kara-Boghas Gulf of the Caspian Sea, at Tomsk in Siberia, and some other 
places. Also many inland seas contain considerable amounts in solution, 
especially the Owens I.ake in California, whose waters contain some ii g. of 
sodium sulphate per 1,000 c.c. 

However, for industrial purposes, the substance is almost always (in Europe 
at least) obtained from common salt by two main processes ; (i) by treating with 
sulphuric acid (salt cake process), or (2) by the SO2, air, and steam (Hargreave’s) 
process. 

Small amounts are also obtained as a by-product in the Stassfurt Salt Industry 
(which sec). 

I. Salt Cake Process. — The salt used is either broken-up pure rock salt 
(where this is available), or else salt coarsely crystallised. The sulphuric acid used 
is usually “ Glover ” aoid, of 58°-62” Be. The decomposition occurs in two distinct 
stages ; — 

([( NaCI + HySO, = NallSO, + HCl. 

(2) NaCl -t NaHSO, = Na^SO, + HCI. 

The first reaction begins at ordinary temperatures, whereas the second is only 
completed at a red heat. The final product is called “ salt cake.” 

Figs. I, 2, 3 show the ordinary salt cake muffle furnaces (“blind roasters”) 
employed. 

Figs. .1 and 2 show a vertical and horitontal section through the furnace, 
while Fig. 3 represents a horizontal section through the lower flues of the furnace. 
h is the large cast-iron “pan,” usually some 3 m. in diameter, some 60 cm. deep, 
and made some i6-i8 pim. thick. It lies with a flange round the edge resting on 
the stonework of the furnace. 

Good iron “ pans ” will stand several thousand charges before being burnt through. However, 
they must be composed of cast iron of the proper composition, containing a high perceritage of 
chemically.combined carbon, but only small amounts of uncombined carbon (graphite) and silica, and 
be of uniform composition throi^hout (otherwise some parts will corrode more quickly than others). 

The vaulted roof of this part of the furnace is built of acid-proof materials, and 
is provided with an outlet tube /j of acid-proof earthenware, iron alloy, or fused 
silica, for the escaping HCI gas. 
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The salt is introduced into the pan.lhitiugh the opening /g (Fig. 2),and the proper 
amount of sulphuric acid is pour^fewn it through a leaden tube (not shbwn), 
when HCl gas (“[Mm gas”) is at oi® evolved, and the following action takes 
place;— . v.'' >■' 

aNaCl + HsSdj = NaHSOj + NaC^ HCl. 

When the evolution of HCl has almost stopped, the iron sliding door /i is raised. 




Fig. 2.— Salt Cake Muffle Furnace— Horizontal Section. 





'd,: 

Fig. j. — S alt Cake Furnace— Horizontal Section through Lower Flues. 


and the mass is transferred into the muffle furnace (blind roaster) e, being 
spread over the floor by means of the doors fj. This muffle is composed of 
fire<lay or other acid-proof material, and is gas-tight although feirly thin walled. 
In this blind roaster the mass is raised to a high temperature by the hot gases 
playii^ ropnd. it from the furnace a, and thf following change takes place 
NaCl + NaHSOj ?= HCl + NujSO.. 
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The HCl gas (“toaster gas”) escapes through a sandstone pipe /j, the HQ gas 
here escaping being kept separate from the pCl gas (pan gas) coming from the 
pM through \ The product in the muffle furnace must be constantly raked and 
stined. The heating must not be so intense as to cause the finished sulphate to 
melt, and this regulation of^he temperature is secured by allowing the hot gases 
coming from the two fireplaces a a (Fig. 2) to first pass right above the muffle 
by then vertically downwards through then again horizontally beneath the 
muffle through finally passing by rj beneath the pan and heating this 

somewhat, the gases finally escaping through </, </, and d^ to the chimney 
stack. 

In the early years of the process open hearths were used, in which the flames from the fire played 
directly on to the mass placed on the hearth. The yield of these “open” roasting furnaces was 
greater than that of modern mulfle (blend roaster) furnaces, and they were also more economical 
of coal. However, “open hearth” furnaces of this construction have now been almost entirely 
abandoned on account of the difficulty of condensing the HCl gas (which was thus mixed with the 
gases from the fire), and the impurities in the gas when condensed were very marked. Moreover, 
ine “ condensing ” arrangements became choked up with dust from the fires. 

The hot product, still emitting HCl gas, is finally raked out into iron . 
transport vessels provj^ed with lids, and standing immediately in front of the 
furnace. The product called “salt cake” is contaminated with iron, and is 
usually ground up. Meanwhile a fresh charge of salt is placed in the pan, and 
the operation repeated. • 

An average furnace works per day some twelve charges of 500 kg. sodium 
sulphate or salt cake. 

For certain purposes “iron free” sodium sulphate is required — t.g., for making 
plate and mirror glass— and for this special sulphate the cast-iron pans are 
replaced by long leaden pans, made out of thick-walled lead, rectangular in 
section, and often some 5-8 sq. m. in area. These are very costly, and unless 
the firing is carefully adjusted they can be permanently damaged by melting 
under the heat applied. 

Mechanical Salt Cake Furnaces, — Many attempts have been made to 
cany out the manufacture of salt cake in mechanical furnaces. Mactear’s revolving 
furnace consists of a circular revolving bed covered with a fixed arch, between 
which and the bed the hot furnace gases stream. A mixture pf salt and acid ate 
, continually fed into a large basin in the centre of the hearth, where the ingredients 
mix and react according to the equation : — 

NaCI + HjSOj = NaHSO, -f HCl. 

The mass overflows into the outer portions of the revolving floor, and are then 
highly heated by the hot furnace gases. Fixed stirrers continually mix the mass 
and gradually work it to the circumference over which it drops. The action is 
thus continuous, and the HCl gas evolved at a constant rate. It is claimed that 
in spite of the fact that the HCl gas is mixed with the whole of the furnace gases, 
the condensation is more readily effected and a more concentrated acid obtained 
than with the ordinary process. 

Where mechanical furnaces, however, have not to any great extent displaced 
the ordinary furnace^ above described, except in one case— and that is the manu- 
facture of sodium sulphate by heating the acid sodium sulphate (obtained as a 
by-product in the manufacture of HNO3 from Chile saltpetre, NaN03) with salt, 
NaCl— the salt and the NaHSO^ are both ground, and thoroughly mixed in 
circular flat enclosed ovens, made of special acid-resisting cast iron, and provided 
srith stirring apparatus at the centre. The whole oven is enveloped in the hot 
gases coming from a furnace, and so the temperature of the whole is maintained 
, at about 700' C. (above this the iron is strongly attacked by the HCl). The stirrers 
work mechanically with a raking movement from the centre, and continually mix 
the mass and urge it towards the periphery of the circular floor, where it is 
rejected as Naj^04. See Fig. 4. 
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The HCl gas is evolved in great purity and in a very concentrated form (30-35 per cent, by 
volume). At Mannheim in 1909 these mechanical iiiiimces were used to obtain a pure -arsenic-free 
HCl gas, which, after freeing from HjSO* dust in Cellarius condensers, is then led directly into 
the contact apparatus for Deacon’s process for manufacturing chlorine, thereby reducing this latter 
process to its original simple form (see “Deacon’s Process,” p. 363). 

2. Hai^nreave’s Process for Manufacturing Sodium Sulphate.— This 
process dispenses with the manufacture of sulphuric acid. It depends upon the 
fact that although pure sulphur dioxide gas (SO,) of itself does not decompose 
salt, yet a mixture of SO„ air, and steam will in time completely convert salt into 
NajSOj. The SO, reacts with the NaCl to form a little sulphite, which is then 
immediately at a temperature of 500° C. oxidised in the presence of air to sulphate, 
so that ultimately the following equation is realised ; — 

sNaCl + SOj + 0 + lIoO = Na^SO. + 2HCI. 



Fu:. 4.— Mechanical Salt Cake Furnace. 


The hydrochloric acid is separated from the evolved gases by passing them 
into hydrochloric acid condensing towers. 

The salt is moistened and pressed into cakes of about half a brick in size, and 
then dried so as to form a porous cake. It is then placed in the kilns. These 
were (and sometimes still are) built of brick, .so arranged that each kiln can be put 
into communication with its neighbour, and each separately heated with a fire. In 
the best practice, however, some ten large cast-iron cylinders some 5| m. in 
diameter by 3.7 m. in height, are connected up in two rows of five cylinders 
each to form a “ cylinder battery.” They are then filled with the dry porous 
cakes of salt, and the hot gases from the pyrites burners (such as are used in 
chamber sulphuric acid works), mixed with an equal volume of air and some steam, 
are led into the cylinders from above downwards, the fresh entering gases from the 
furnaces being led into that cylinder in which the process is most neatly completed 
(r.f., containing much Na^SO, and little NaCI), while the end gases, from which 
most of the SO, has been absorbed, are led ittto a cylinder filled with fresh NaCl. 
In general some eight cylinders ate in action at once, the other two being placed 
out of action for emptying from the formed Na2S04 and refilling with fresh NaCl. 
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Each cylinder holds about 50 tons of salt, and its complete conversion into sulphate 
requires about three weeks. The action proceeds best at a temperature of 500" C 
Consequently each cylinder is fitted into brickwork and provided with a fireplace 
so that the whole cylinder can be externally heated. The first and last cylinders 
of the series are thus heated, but in the intermediate cylinders the action proceeds 
with the evolution of sufficient heat to maintain them at the proper temperature 
without the aid of external heat. In fact sometimes cooling of the intermediate 
cylinders is necessary since if the temperature gets beyond 600“ C. the mixture of 
salt and formed sodium sulphate will fuse and so destroy the efficiency of the 
cylinder. ' 

Pure salt fuses about 780* C., pure sodium sulphate at 860* C., while a mixture of the two at 
a lower temperature than either component alone, viz., at 600“ C, 

The gases are drawn off from the last cylinder of the series by means of a 
porcelain or earthenware exhauster. They contain about 10 per cent. HCl by 

volume, and after passing through cooling pipes, are led directly into the HCl 

condensing towers. 

It should be noted that according to the equation : — 

SO2 + aNaCl + O + = Na^SO^ + 2HCI, 

each volume of SO^ produces doable Us volume of HCl gas. A battery, such as that described 

above, will yield some 7,000-7,500 tons of Na^O^ per year, but the whole process requires very 
careful adjusting of the temperature, entering gases, etc., etc. 

The gr^t disadvantage of the ptt>cess is the length of time required for the comj)lete conversion 
of the salt into sulphate. 

However, thp process has been worked successfully in a great many factories in England since 
1872, also in France and Germany. 

Properties of Sodium Sulphate.— Anhydrous sodium sulplmte (NajSOj) 
is known as salt cake, enormous quantities being yearly produced by one or 
other of the processes above described. (The annual output is estimated at 
360,000 tons.) 

Good technical salt cake may contain up to i per cent, free llaSO,, o.i per cent. Fe, and 

0.3-0. 5 per cent. NaCI. However, if the substance is to be used for making mirror, pltite, and 

other .special kinds of glass, it must not contain more than 0.01*0.02 per ccai. of iron, and so must 
be made from iron-free materials in leaden pans (see above). 

In order to purify technical sulphate it is dissolved in water, and after the 
iron has been precipitated by the addition of calcium carbonate, the solution is 
evaporated and allowed to crystallise out in the cold, when it separates as 
“Glauber’s salt” (NagSOj-ioHjO). Should the crystallisation be carried out in 
a boiling solution the sulphate separates out as anhydrous sulphate (NajSOJ. 

100 parts of water dissolve the following quantities of sodium sulphate, calculated as Na^SO. : — 
Temperature - o" IQ- 20" 30“ 34" 40“ 50* 60“ 70“ So® go” 100“ toy” 

Na^SO. dissolved • 5.02 9.00 19.4 40.0 55.0 48.8 46.7 45.3 44.4 43.7 43.1 42.5 42.2 

The hydrate Na^SOjioH.O when in solution passes over into the anhydrous 
form at about +32° C. The solubility increases from 0“ to +32° C., and there- 
after decreases. The saturated solution boils at 103.5” C. 

If ordinary Glauber's salt (NajSO.ioHjO) be exposed to the air or is heated 
it loses water and goes into the anhydrous salt. 

Heated on charcoal or in the reducing flame, sodium sulphide (.Na^S) is formed 
(see below). 

Sodium hydrogen sulphate, sodium bisulphate, may be prepared by 
mixing equivalent quantities of NajSO, and HjSO,, and evaporating at a tempera- 
ture over Jo* C. * 
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indium suiohide (Na,S) is prepared on a large Icale by melting sodium 
sulphate with coS in large “ 

used for making sodium sulphate. The hearths are made of basic •'" "8- “" 
ranidly attack J by the hot mass. The mass first melts to a thin mobile fluid, 
and CO gas bursts forth all over the surface and bum^ As the heating 
however the liquid becomes somewhat more viscid. The mass is allowed to cool 
and the reddish solid is crushed into coarse fragments and 
The clear solution is evaporated, and allowed to crystallise out. The salt coims 
on the market in deliquescent crystals (NajS + oHjO), containing some 3 o- 3 S_Pf 
cent. Na,S. The crystals are sometimes dehyBrated and come on the market in 
a concentrated form, containing some '60-65 P®’’ Na^S. However it is 
possible to completely dehydrate the substance. 

Sodium sulnhide (NaiS) is used on a large scale for making “sulphur" dra (see Martins 
“ Industrial ChOTistry -.Organic ”) ; U is also used in tanneries lor removing the hair from skms. 
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-GENERAL SURVEY OF THE 
SODIUM CARBONATE INDUSTRY 

By Geoffrey Maetik, D.Sc., Ph.D. 

General Survey 

Natural Sodium Carbonate is found encrusting the soil in parts of Egypt, 
being produced, no doubt, by the weathering of the sodium sulphate left by the 
drying up of old Egyptian lakes and seas. 

This sulphate (Naj^O,) is reduced to sodium sulphide (Na^S) by the action of certain fungi and 
algae. CO2 in the soil and atmosphere then converts the Na^S into Na^COj with evolution of Hg. 

% 

A considerahle amount of this natural soda, called “Trona,” is even at the 
present time collected. It has the composition Na2C08 + NaHC03+ aHjO, 
mixed with salt. Other deposits of natural soda occur in California, Mexico, 
Persia and other tropical lands, the carbonate actually separating in a crystalline 
form from numerous tropical “soda” lakes and seas in the dry season, also from 
the Caspian Sea and the Araxes. 

One of the most remarkable deposits of natural soda occurs in the Owens Lake, California, the 
waters of which contain per litre 31 g. Na^COj, 11 g. Na4S04, and 31 g. NaCl. Some 20,000,000* 
50,000,000 tons of soda are estimated to be here stored up, and the exploitation of this source 
has already commenced. 

Early in 1911 a company with a capital of ,1^1,312,500 was formed to acquire a nmety-mne years’ 
lease of and to develop the deposit of natural s^a covering some 30 sq. miles known as Lake 
Magadi, in the British East Africa Protectorate, to connect same with the Uganda Railway, 
about 100 miles, and to build a pier and approaches at or near Kibudini, British East Africa. . 

Tlie deposit is said to conUin some 200 x 10^ tons of soda, of which 40X 10® are in the upper 

layers. * . • t v- 

Refining works are now under construction in Lancashire. 

It is proposed to produce some 50,000 tons per annum. 

TTie deposit is remarkably pure. Sodium sulphate is the mother substance of Egyptian soda j 
however, some deposits of natural soda undoubt^ly arise from the decomposition (by atmospheric 
COg) of sodium silicates, silicic acid being set free and sodium carbonate formed. 

■ For many years the ashes of seaweed and of wood fonned the chief Europ^n 
sources of potash and soda. But the great demand for cheap soda for making 
soap for the cotton industry caused Leblanc in 1791, with the assistance of Dizc, 
to invent the process for converting salt into soda which now bears his name. 

The process consists, essentially, in heating salt with sulphuric acid, thereby 
converting it into sodium sulphate. The sulphate is then ignited vvith calcium 
carbonate and coal and is thereby converted into sodium carbonate. 

■ LeUanc the originator of one of the world’s greatest chemical industries, which has given us 
d»ap aoap and cheap glass and has poured direcUy or indirectly untold wealth into numerous lands, 
aw not meet with any reward in his lifetime. He died, by his own hand, a mined man m the 
nadhotise of a workhouse in 1806 j some fifteen years before he had won the piiK offered by the 

' Prehch Acadpmy (1791I for the best method of converting salt into soda. 
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In France political troubles prevented the development of the soda industry. 
It was Muspratt in England, who in 1824, after the repeal of the salt tax, built the 
first Leblanc soda factory, and thus created the great chemical industry of to-day. 
Thus, a supply of cheap sulphuric acid in large quantities is_ one of the first 
essentials of the Leblanc process, and so the enormous sulphuric acid industry of to- 
day owes its origin to the Leblanc process ; next, the production of excess of hydro- 
chloric acid, as a waste product, in the salt cake furnaces called into existence the 
chlorine industry and the manufacture of bleaching powder; so that a group of 
inter-connected chemical industries sprang up in England soon after 1824, and for 
more than fifty years English manufacturers and merchants controlled the world’s 
markets. Great soda factories sprang up everywhere in the neighbourhood of the 
salt and coal deposits, especially at Newcastle-on-Tyne, Glasgow, Widnes, and St 
Helens in Lancashire. ■- 

In t866 Solvay introduced his “ammonia soda’’ process, which was the 
beginning of a new era for chemical industry. No sulphuric acid is necessary in 
this process for making soda, and no hydrochloric acid is generated ; moreover, this 
process allowed the production of sodium carbonate at much lower cost than the 
Leblanc process. 

Consequently between 1870-1875 the price of sodium carbonate declined from 
13 per ton to only ;^4-;^5 ; and at the present time the Leblanc process is not 
remunerative, so far as the sodium carbonate is concerned, being mainly kept going 
by the value of the produced hydrochloric acid (which is required in the bleaching 
powder industry), the recovered sulphur, and other products. 

A new era in the industry began in 1895, "'hen the alkali chlorides began to be 
electrolysed on the latge scale for the manufacture of chlorine and caustic 
alkalies, and it appears that this new process must gravely threaten the Leblanc 
process. Indeed the Leblanc process, owing to the competition of these cheaper 
processes, has ceased to be worked in most countries. Several large Leblanc 
works are still operated in England, and two in Germany, but it remains doubtful 
whether they can hold their own in spite of ^reat improvements in plant and 
process, and the amalgamation of the various interested parties in the “United 
Alkali Co.” We must remember, however, that the Leblanc process works in with 
the wet copper process, with CS^ manufacture, and various other important 
industries. However, the enormous supplies of sodium carbonate formerly con- 
sumed by the glass industry have been now largely replaced by the use of the 
cheaper sodium sulphate. As a consequence of this, the first part of the Leblanc 
process, namely, the formation of sodium sulphate (salt cake) by the action 
of sulphuric acid or salt, has actually increased of late years. It is only the second 
part of the process— the calcining of this sodium sulphate with coal and limestone 
— that has decreased, subjected as it is to the competitive action of the ammonia 
soda process. 

The ammonia soda process has made rapid headway during the last thirty 
years, and at the present time it is practically the only sodium carbonate process 
worked on the large scale in the United States, France, Belgium, and Austria. In 
Germany it is the main process worked for the production of sodium carbonate, 
the Leblanc process in Germany being in a very threatened condition, only two 
factories in 1909 (viz., at Stolberg and at Heinrichshall) now working the Leblanc 
process. 

The ammonia soda process is not threatened to any great extent by the growth 
of the electrolytic processes for making caustic soda and chlorine, because the 
amount of sodium carbonate and alkali required for industrial puriroses is far 
greater than the amount of chlorine and bleaching powder required, so that even in 
the e^ent of the electrolytic processes completely covering the world's demand for 
chlorine or bleaching powder, the yield of alkali then produced would only be 
i aftatl that which is necessary to commerce. 

' would appear that three main processes will continue to he 

^thu!tMSi^~ilQrked.on a very targe scale, viz. ; — 
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1. The salt cake process (viz,, NaCl + H2SO4) for making sodium 

sulphate and hydrochloric acid. 

2. The Hargreave’s process for. the same products also seems well 

es&blished. 

3. The ammonia soda process for sodiuni carbonate, sodium bi- 

carbonate, and caustic soda. - 

4. The electrol^is of alkali chlorides for caustic potash, caustic soda, 

and chlorine. 

On the other hand the calcining of the sodium sulphate with limestone an<t 
coal (second stage Of Leblanc ^ocesS) ultimately may be abandoned completely. 

Statistics 

Counting together the sodium carbonate, bicarbonate and caustic soda, the following figures 
show the world’s production in these chemicals in 1884. 



1884. 

Leblanc Soda. 

Ammonia Soda. 

England 

Germany 

France • 

United States 
Austria-Hungary • 
Russia • 

Belgium 

• Tons. 
380,000 
5h.5<» 
70,000 

39»«» 

Tons. 

52.000 

44.000 
57»oc>o 

• 1,100 

1.000 

8.000 

Totil • 

545,500 

163,000 


Leblanc Soda. 

Ammonia Soda. 

Total • 

708,500 


In 1903 Solvay estimated the world’s prodnction of soda as 1,750,000 tons — 1,600,000 of which 
being produced by the ammonia soda process and only 150,000 tons by the Leblanc process. 

In 190S Lepsius put the world’s production at 2,000,000 tons, only 100,000 of which being 
made by the Leblanc process. This quantity shows a consumption of soda of 1.3 kg. pci bead of 
population throughout the world. 

The Gernian.net export, 1909 (after subtracting the slight import), was as follows : — 

Soda (^incipally calcined) • 57r4<x) tons at 90 marks. 

Bicarbonate • - - 1,200 „ 215 ,, 

Caustic soda • • • 8,280 „ 215 ,, 

Sodium sulphate • * • 65,500 ,, 30 ,, 

Na^S and KgS ' > • 7,000 „ 160 , 

The total value was put at 10,200,000 tnarks=;^5io,ooo. 
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Manufacture of Sodium Carbonate (Soda) and Caustic 
Soda by Leblanc Process 

This process consists in melting together sodium sulphate (salt cake), coal, or coke, 
and limestone or chalk, when the sulphate is reduced by the carbon to sodium 
sulphate, which then reacts with the calcium carbonate (chalk, limestone) to yield 
sodium carbonate, as shown by the equations 

NojSO. + 2C = NagS + 2CO2 (also CO is formed) 

Na^S + CaCOj = NagCOj + CaS 

The calcium sulphide (CaS) formed is insoluble in water, so that in order to 
isolate the sodium carbonate all that is necessary is to lixiviate the mass with water. 

In practice a considerable excess of limestone and coal is employed, so that 
much free CaO (calcium oxide) is formed, thus ; — 

CaCOj = CaO + COy 

When, this mass is then slaked with water calcium hydroxide is formed with the 
evolution of heat (Ca0 + H20 = Ca(0H)2) which then reacts on the sodium 
carbonate to produce caustic soda, thus 

NagCOj + Ca(OH)2 = aNaOH + CaCOs- 

This procedure greatly aids the rapid lixiviation of the mass with water, and 
indeed at the present time the English Leblanc factories prefer to work the mass 
solely for caustic soda as it is cheaper and finds a readier sale among soap makers. 

Melting Process' — loo parts of sodium sulphate (salt cake), 90120 of 
calcium carbonate in the form of limestone or chalk, and 40-80 of carbon in the 
form of “slack” or powdered coal are heated together in a furnaces It is 
important that the calcium carbonate should be as pure as possible and that the 
sodium sulphate (salt cake) should be of good quality. ^ , 

Fig. I shows an old “open” roasting furnace (“black ash furnace”), still fairly widely 
used. It is provided with two hearths made of fire-fast bricks, embedded with mortar in a layer 
of stamped clay. The mixture of sulphate, coal, and limestone is first placed on the hearth 
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A, where it receiVes a prelisnoary heating. It is then raked forward to the h<^r he^h B, 
and ^lere heated to l»igbt redness, mixture first melts to a thin fluid mass^ then 

becomes pasty, and CO2 gas is copiously evolved. Towards the end of the reaction, little jets of 
burning CO gas, Imowa as candles,” burst forth over the sur&ce of the fluid mass. Durtng the 
whole process, a workman continually rakes and mixes the fluid mass means of long arms 
insertea through a side door in the furnace ; and when the mass reaches the right consiAenc^ the 
charge is wilharawn into iron Wes standing just below the furnace. It reqmres some expen^ce 
to know when to withdraw the charge, for i? the heating is continued long, not only u sodium 



Fig. t. — Old Type “ Open” Black Ash Furnace. 


oxide iNa^O) formed (which reacts with the CaS present to regenerate Na^S and Na^), but aUo 
thebiass becomes hard and non porou^ and so difficult to lixiviate with water. The product at this 
stage is known as *' black ash.” 

One of these furnaces takes a cha^ of some 150 kg. sodium sulphate (salt cake), and the 
operation is complete in about ilft^ minutes. The waste heat from the furnaces is usually utilised in 
evaporatii^ the crude soda solution obtmned by iixiviation (as described below), D being an iron 
tank containing the soda solution, over the snrfiice of which the hot gases from the surface stream. 



The la^T -works, however, now usually employ large, mechanical, revolving 
slack ash furnaces, shown in Fig. 2. 

It consists of a large, horizontal, slowly revolving cylinder, some lo-ig ft 
ikmeter, and 15**0 ft. long, made of boiler plate, and coated internally with 
ire-fast bricks or clay ; an opening c serves either to fill or empty the cylinder. 
Ole hot gases and flames from the furnace d play through the interior of the 
^finder as shown, and so uniformly heat the contents to a high temperature; 
he rotation of the cylinder, (at first stow, but afterwards to 5-6 revs, ^r min.) 
ho^i«^ly mixes the ch^e) and brins every portion under action of the flames. 
The^ furnace gases escape at e, and are utilised for evaporating the crude so 4 a 
from the lixiviating tanks as described in the Open black ash furnace, 
Vaaod j sue two steel basdsv^ irllkfli- ^ rotates, resting on ite 
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friction wheels fj. The whole is rotated by the massive cog-wheel gy the power 
being supplied by a steam engine. 

The usual charge for a revolving black ash furnace of this type is 2 tons of 
sodium sulphate (salt cake), 2 tons of crushed limestone, and i ton of “ slack ” 
or powdered coal. The process is carefully watched by experienced workmen, and 
as the long yellowish green flames of carbon monoxide make their appearance, the 
operation is complete, and the cylinder is revolved until the opening r is just over 
an open iron truck. The door of the opening c is released, and the fused contents 
of the cylinder are discharged into the iron truck placed beneath. This truck 
runs on rails, and is drawn forward by means of an iron chain. As one truck fills, 
it is drawn forward and replaced by another. Finally the furnace is recharged, and 
the operation completed. 

The whole process must be carefully controlled by experienced workmen, as too long or too 
short a period of heating will spoil the yield. 

Process of Lixiviation. — The black ash so obtained consists of 39-45 
per cent. Na^COj, 27-31 per cent. CaS, 9-11 per cent. CaO, and about 5-6 per cent. 



Fig. 3. — Shank's Black Ash Lixiviating Tank. 


of unaltered coal, together with small amounts of unaltered Na2S04, NaCl 
and silicates. 

Fig. 3 shows Shank’s process of lixiviation, the system which is now generally employed. 
A, B, C, D are a nuniber of iron tanks {4-6), alt of the same height, each provided with an inlet 
tube & for water, and with a steam-pipe F for blowing steam into each tank with the object of 
maintaining the temperature of the contents of each tank at about 50“ C., thereby aiding the 
solution. G, o, o, G ate outlet taps for running off the liquid contents of the severd tanks. Each tank 
is also provided with two overflow pipes F and H, and with a false bottom of sieve-like or perforated 
nature. 

The coarsely broken up black ash is placed on the perforated false bottom of all the tanks 
except one (which is put out of action for the purpose of emptying from extracted r^idues or foi 
filling up with a fresh charge), and fresh water is allowed to flow from the water pipe B into the 
tank A, filled with black ash which already has been. almost completely extracted. This incoming 
water floats upon the specifically heavier Na^O, solution in the bottom of the tank, and causes the 
liquid to flow through the overflow pipe H into the second tank B, where a still stronger solution of 
NajCOs is found. Here the same process continues, and so a stream uf fluid of gradually increasing 
concentration flows in succession from one tank to another, until it reaches, say, the tank c filled 
with fresh black ash. Here the overflow pipe H is shot off, and so the saturated solution escapes 
by the overflow pipe F into the channel i., and is run off into the evaporating tanks. In the mean- 
time, the tank D is recharged with fresh black ash, and the tank A is put out of action and emptied 
fmm the waste. So that B now forrfe the initial tank of the series and D the last, the saturated 
solution now issuing out of D. A is then refilled with fresh black ash, and become the last tank (b beir^ 
put out of action and emptied), the connection between D and A being mairitained by the pipe m. 

This system has been in operation at St Helens since i86r. It is an application of the 
discontinuous counter-current principle. 

There is left behind in the tanks, after the sodium, carbonate and caustic soda 
have been crushed out, a mass of calcium sulphide (CaS), unchanged coal and 
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calcium carbonate. This is known as “tank waste” and is treated as described 
on p. 297. 

The liquor drawn off is usually green in colour ; it contains as impurities some' 
thiosulphate and sodium sulphide in addition to excess of sodium carbonate and 
sodium hydrate. The specific gravity is usually 3o°-32° Be. It should be noted 
that for rapid and complete extraction the Wack ash should be porous and contain 
some 10 per cent, or more of CaO, so that, when treated with water, the mass 
crumbles and swells up. The Ca(OH)2 formed converts part of the Na^COj into 
NaOH (see below). 

The saturated black ash liquor can now be worked either for the manufacture 
of sodium carbonate or for the manufacture of caustic soda. We will take each 
in turn. 


I. Working the Black Ash Liquors for Sodium Carbonate 
(Soda) 

The liquid contains a considerable amount of caustic soda, “NaOH,” produced 
by the action of the free lime on the Na.,C03. The first process, then, is to 
“carbonise” it by passing in CO.j. The liquid is .allowed to trickle down 




tall iron towers, where it meets an ascending stream of CO^ gas and air 
coming from limekjlns. Sometimes the burnt gases from furnaces (also rich in 
COj) are used for this purpose. The CO, converts the NaOH into Na^COj 
(2Na0H + C0.2 = Na2C03+H20), and simultaneously FeoOj, Al^Oj, SiOj, etc., 
are precipitated, while oxygen in the hot entering gases oxidises the sulphides 
NajS, FeS) to sulphates. The soda solution is now passed through filter 
presses and then is evaporated. 

One process of evaporation much in vogue (on account of its cheapness) was 
the passage of the hot gases from the black ash furnaces over the surface of 
the liquor contained in tanks (see Fig. t). The liquor thus becomes contamin- 
ated by ashes, etc., but by this ‘‘surface evaporation” the formation hf hard firm 
crusts of soda at the bottom of the tank is avoided— an evil which at once results, 
if attempts are made to evaporate the liquors by heating from beneath, when these 
crusts settle and, like “boiler scale,” greatly diminish the efficiency of the heating 
process. 

This difficulty has been surmounted by the employment of special pans in which 
the bottom of the tanks are continually stirred by revolving arms, thus preventing 
the setting hard of solid crusts. Fig. 4 shows the well-known and very efficient 
Thcletl'evaporator. 

It is set on brickwork and heated from lieneath by the hot gases coming from the black ash 
fiunace. The section is semicircular as indicated, and attached to a horizontal shaft, w w ; running 
lengthwise down the pan are two other shafts a A, Bi, to which are atuched a number of wedge- 
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shapri scraps M M M, loosely turning on the axle as these revolve about the central axle, and 
hanging vertically by their own weight when raised out of the pan. 

As the main axle w w revolves the two subsidiary axles A A, A A revolve and the scrapers attached 
to them scrape the bottom of the pan as indicated in the cross section (Fig. 4). 

Any crystals of soda which -separate out are scraped up by the scrapers out of 
the liquid and fall over the side of the pan, where the substance is shovelled away 
into vessels provided with a sieve-like bottom, from which the water drips away 
leaving the soda crystals to dry. When the evaporation takes place at a boiling 
heat the sodium carbonate crystals which separate out have the formula NajCOj. 
They are removed and heated more strongly (to completely dehydrate) in simitar 
pans, but provided with crushing rollers, which run along the bottom of the pan, 
and are attached in a similar manner to rotating axles. The product is “soda 
ash,” and is pnt on the market practically anhydrous, containing 98-99 per cent, 
of NajCOjj 0.8 per cent. Na2S04; o.i per cent. NaCl; 0.1 per cent, sodium 
sulphite or sodium thiosulphate, with a little insoluble matter (less than o.i per 
cent, in good samples) and less than 0.7 per cent, of water. 

In England this alkali is sold on the basis of the percentage of Na^O it contains, 
an ash of the above composition being denoted as 58 per cent, alkali, />., 100 parts ' 
contain 58 parts of NajO. 


2. Working the Black Ash Liquors for Caustic Soda 

The cheap and pure sodium carbonate obtained by the ammonia soda process 
(see below) has largely destroyed the market in England for Leblanc sodium 
carbonate, and consequently most English Leblanc alkali factories now 'work the 
black ash liquors directly for NaOH. There is a far more ready sale for caustic 
soda than sodium carbonate, because of the demand for the latter substance by 
industries such as the paper trade, the textile and cellulose (straw, etc.) industries, 
the oil and fat industry, soap makers, manufacturers of dyes (e.^., Alizarin). 

Owing to the presence of much free lime in the black ash the black ash liquors 
contain a very considerable amount of NaOH. The black ash liquor is diluted 
to 13° Be. (=13 per cent. NaOH in final liquor) and run into semispherical iron 
pans, in which are suspended wire cages filled with quicklime, CaO ; steam is 
driven through the liquid to maintain it at a boiling temperature, while a strong 
current of air pumped in at the bottom causes a thorough agitation of the contents 
and thus accelerates the causticisation which takes place according to the equation 
Ca(OH)s + NajCOj = CaCOj + aNaOH. 

The air blown in oxidpes the sulphides of iron and sodium, the iron separating out at the 
bottom of the tank. . , , ■ , 

It should be noted that the solubility of lime, CafOIDj, in the liquor rapidly decreases with 
the amount of NaOH formed, and consequently a concentrated NagCOj liquor cannot be com- 
pletely causticised by lime, Kven a to per cent. Na^COs solution can only be causticised by lime 
to the extent of 97.3 per cent. However a very dilute solution would cause much expense and 
trouble in evaporating afterwards, and so in practice a moderately concentrated solution is taken, 
and the unchanged Na^CO., is afterwards removed by crystallisation. The causticisation is greatly 
accelerated by heating", without, however, sensibly altering tire equilibrium composition of the 
liquor A much more complete causticisation is theoretically producible by using a more soluble 
base, such as strontium hydroxide, Sr(OHh, or barium hydroxide, BalOHlj. Practically, how- 
ever, the superior cheapness of lime more than compensates for the incomplete conversion of the 
sodium carbonate into caustic soda, and so lime is always employed for the purpose, 

After the boiling has continued for a sufficient length of time, the liquid is 
allowed to settle, when the calcium carbonate (CaCOj) and precipitated iron salts 
settle out at the bottom of the vessel, leaving a clear supernatant layer of NaOH. 
This is siphoned off clear, while the settled mud is washed on a filter. Finally the 
solution of NaOH is boiled down in multiple vacuum pans (such as is described in 
Martin's “ Industrial Chemistry : Organic," under Sugar) made of cast iron. 
Almost invariably the process of evaporation is carried out in two distinct stagK. 
First the liquor at i6°-i 7" B^. is concentrated in one set of evaporators until a density 
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of 26**27° ^ attained. It is then run off into a second set of vacuA pans and 

boiled down until the density teaches 40° B6., the Na^COj, NaCl, mjSOj, and 
other salts which crystallise out as the concentration proceeds being separated by 
passing the liquor through filters interposed between the various vacuum pans. 
Finally the concentrated liquor is run out into thick cast-iron semispherical pots, 
set in brickwork over a free fire, and capable of holding some 10-15 tons of NaOH. 
Here the boiling down is continued, the pots being finally heated to 4oo°-56o° C., 
the NaOH being actually fused. 

Now the caustic soda obtained by the Leblanc process always contains much 
impurity, principally sodium sulphide (Na^S), iron sulphide (FeS), and also sodium 
cyanide (NaCN), in the form of ferrocyanide derived from the nitrogenous matter 
in the coal used for melting the sodium sulphate. The product is therefore purified 
by adding sodium or potassium nitrate to the molten mass, whereby the sulphides 
ate completely oxidised and the ferrocyanides are destroyed with separation of 
graphite, while the iron separates as a r^ precipitate of ferric oxide. As Ralston 
showed in i860, when the caustic soda is anhydrous all the iron separates, and 
the addition of only a handful of nitre will cause a large pot containing some 
' 16 tons of molten NaOH to change from yellow, through white, to green or vice 
versa. Too much nitre must not be added as it colours the molten mass greenish 
owing to the formation of a trace of manganate. 

Alter partial cooling, during which the very considerable precipitate of iron 
hydroxide, etc., is allowed to settle out at the bottom, the still molten caustic, 
which is as clear and limpid as water, is ladled out into thin sheet-iron drums, 
allowed to solidify, and the drums soldered up air-tight as soon as the caustic 
soda has set. Occasionally the solid mass is smashed into lumps before packing 
in iron drums (which are soldered up air-tight). Sometimes the NaOH is ground 
to a powder in special machines provided with precautions against the escape of 
NaOH dust into the air, and the powdered NaOH is then packed as before. 

“ White canstic,” as colourless caustic soda is called, was first manufactured by this process from 
Leblanc soda about 1862, and is now pot on the market containing as much as 76 per cent, of 
alkali, other strengths being made, however, down to 60 per cent, alkali. 

Caostic soda is manufactured in exactly ihe same way from the sodium carbonate prepared from 
the ammonia soda process. The initial raw material is here ‘^caldned soda,*’ and the only 
difTerence in the mode of {reparation is that the NaOH thus produced is somewhat purer, so that 
the addition of nitre in the 6nal fusion of the NaOH is unnecessary. The principal impurities 
in the NaOH made from ammonia soda sodium carb(»ate is NaCl and unchaog^ NagCO}. 

These impurities, however, do not cause any trouble in the application of the NaOH for many 
mdustrial purposes, e.g.y soap making, as the soap itself often contains 20 per cent and more NaQ. 

Among other processes for making caustic soda we must here mention the 
Ldwig process employed by the Solvay Works. 

Calcined sodium carbonate (soda ash), or sodium 'bicarbonate pcpared by the ammonia soda 
process, is employed. The substance is mixed with ir(H) oxide and heated in a revolvir^ (^Ui^er 
furnace simtls^ to the revolving cylinder Hack ash furnace described above. The last lumat^ 
gases and flames streaming through the interior of the cylinder beat the mass to redn^s when the 
following action takes places — 

Na^CO] + Fe^?j ~ 2NaFcOg + COg. 

All the CO2 escapes, and the resulting sodium ferrite (NaFeOg) is raked out and lixiviated with 
water, when it decom{)oses according to the equation 

aNaFeOj + = aNaOH + FeA- 

A concentrated solution of NaOH is immediately^ obtained, under which the iron oxide settles out as 
a dark mass. The NaOlI solution, in a pnunically pure condition, is drawn df, evaporated, and 
melted as above described, no nitre being necessary for the flnal jnelting. 

Condderable amounts of caustic soda and caustic potash are prepared by the 
elec^olTSis of NaCl or KCl solutions. These processes are described in 
CdMail: under the heading “Electrolytic Chloritie and Alkaiy p. 367, and so we 
wiUfrn«^^|urther deal with them h«e, except to sajr that tEe NaOH or KOH 
srii^KBjQyini off; are evaporated as above descnbed in vacuum nans, freed 
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from NaCl or KCl, crystallising out, and finally melted in large iron pots (see 
p. 296). * 

The mercury diaphragm iprocess yidds a chiorme>free NaOH or KDH, while that obtained 
by the ^apbragm process yields an NaOH (or KOH) solution rich in NaCl (or KCl). How- 
ever, Ujc NaCl (or KCl) almost entirely crystallises out during the concentration of the solution, 
beipg very insoluble in concentrated NaOH solution. Where the NaOH solution is not 
immediately used for Aliiarin manufacture (see Martin's “Industrial Chemistry: Organic”), 
it is boiled down, fused, and packed in iron drums for transport or export as above described. 


Summary of the Leblanc Process. 

(After Ost, slightly modified.) 


Raw Pyrites (45 per cent.), NaNOs, NaCl (97 per cent.), Limestone, Coal, 
materials.- 63 parts. i part. too parts. 120 parts. 250 parts. 



In England the strength of the caustic soda is expressed on the basis of the percentage of 
Na «0 it Sjntains. Thus a pure NaOH (100 per cent. NaOH) would be in England denoted as 
77.C per cent, caustic soda, since 100 parts of NaOH contain 77*5 j 

In Germany, however, its strength is calculated on the supposition that this NagO is combined as 
NajCOs, e.g,, a 100 per cent NaOH in Germany would be denoted as a 132.5 per cent caustic soda 

(because 100 parts of NaOH are equivalent to 1^.5 parts of NagCOs). 

For details the readw should consult Keane- Lunge, “Technical Methods of Analysis. 

Treatment of Alkali Waste.“After the lixiviation of the bhck ash for 
sodium carbonate and caustic soda (see p. 294)> there is left behind in the tanks 
a mass pf calcium sulphide, together with unchanged coal and unchanged calcium 
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carbonate, lime, etc. (Na2S04+CaC0j+2C=Na2C08 + CaS + 2C02), the product 
being known as " tank waste ” or “alkali waste.” 

To every ton of soda produced nearly a Ion of these residues accumulated, which formerly were 
an intolerable nuisance, since by the action of atmaspheric acids on the calcium sulphide, sulphuretted 
hydrogen (H2S} was set free, poisoning the air in the neighbourhood. Also the drainage from the 
mass, containing as it did soluble sulphur-containing compounds an<l sulphuretted hydrogen, was 
very harmful. This mass also contained the total sulphur introduced into the process (as ^^2804), 
which was therefore lost. 

This waste mass is now worked for sulphur by the Chance-Claus process, 
the sulphuretted hydrogen being either burned in a Claus kiln to produce sulphur, 
as described on pp. 204 and 208, or else it is burned to SOg and converted into 
sulphuric acid. 

The Chance process is expressed by final equations : — 

CaS + COb + HbO = CaCOa^ H^S, 

from which it is obvious that the calcium carbonate (CaCO^), originally introduced into the process, 
is again capable of being recovered and used again. Since the sulphur is also recovered in the form 
of H^S {and ultimately as S or H2SO4) there ts now no more “ waste ” theoretically produced by the 
'Leblanc process. Sometimes the waste residues are worked for sodium Lhiosulphite (hyposulphite)' 
(NkbSsOs, 5H2O), as described on p. 259. 

It is said that 30,000-40,000 tons of sulphur are annually recovered by this process in Great Britain. 

It can be safely stated that without the Chance-Claus process, Leblanc soda would long have 
become entirely delunct, not only on account of the financial loss of the sulphur, but also on account 
of the objectionable nature of the alkali waste itself, which weathers and oxidises, producing H^S 
and SO2, even catching fire occasionally, and the drainage from which is naturally an exceedingly 
unpleasant and harmful liquor. 
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SECTION XXVII 
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Present Position of the Ammonia Soda Process — The manufacture of 
sodium carbonate by the ammonia soda or Solvay process occupies to-day a 
predominant position in the chemical industry. During the period, 1864-1868, 
the annual output of soda ash by this process amounted to 300 tons. In the year 
1902 it had grown to 1,600,000 tons, whilst at the present time the total production 
probably exceeds 3,000,000 tons per annum. 

During the years 1879-1883 the output by the Leblanc process reached a 
maximum of 500,000 tons per annum. Since that time the Leblanc industry has 
steadily declined, and were it not for the recovery of by-products and the large 
amount of capital invested in this process, it is probable that the production of the 
Leblanc alkali would by this time have entirely ceased. . 

The manufacture of bleaching powder with the aid of electrolytic chlorine has 
considerably affected the Leblanc industry, and doubtless this influence will be felt 
even more seriously in the future. 

The ammonia soda process produces sodium carbonate in a higher state of 
purity and at a much lower cost than the Leblanc process. Recently competition 
and a desire to stimulate the demand for ammonia alkali has resulted in^ a consider- 
able reduction in the price of this article, with the consequence that it is almost 
impossible for the makers of soda ash by the Leblanc process to compete. 

The ammonia soda process itself will soon be confronted with competition by 
the exploitation of natural deposits of soda which occur near Lake Magadi, in East 
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Africa. A company has been formed witb V capital of 300,000 to mine 
these deposits, which have approximately ^the following components i—NagCOg, 
43-5 i NaHCOg, 40.4 ; HjO, 15.6 ; NaCI, 0.4. 

Factories are being Erected in England and in the East to refine the raw 
material and to convert it into other soda compounds. It has, however, to be 
remembered that the cost of an article to the consumer is largely determined by 
the expense of carriage, and this item, with regard especially to the natural soda, 
must necessarily be in most cases particularly heavy. ^ 

Another disturbing factor in the ammonia soda industry is the ever-increasing 
production of caustic alkali by electrolytic processes. In a very large number of 
industries the soda ash is only used after causticising by lime, with the consequence 
that, should it be possible to produce caustic soda at a sufficiently low price, very 
serious competition with ammonia soda would result. 

As, however, it will be pointed out later, the ammonia soda process has been 
brought to an exceedingly high state of economic efficiency, and in spite of the 
various factors mentioned, it is questionable whether the commanding position 
which It at present holds in the alkali industry is seriously threatened. 

" Historical. — It is not proposed to deal in this article at any length with the historical aspect of 
the ammonia soda process. The reader who is interested in the subject may be refened to Mond, 
/cum. See. Cktm. Ind.^ 1885, p. 527, Also to a lecture given by Ernest Solvay at the 
lotefoational Congress of App^ Chemistry, Eerlin, 1903. A copy of this will also be 
founden La Ranu cU PUntvtrsUe de Bruxelles^ May 1903. 

In 1838 the treatment of brine with carbcMiate of ammonia was patented by Dyar and Hemming, 
and subs^uently by Delaunay in 1839. In 1840 the introduction of carbon dioxide In the gaseous 
form Was also patented by Canning. Subsequottly m 1852, Crinus, a Frenchman, directs the 
recovery of (he gas given off in the calcination of the sodium bicarbonate, whilst Chisholm in the 
same year patents the distillation of ammonium dUoride with lime, and the subsequent absorption 
of the gas in brine. The application of this had been anticipated, however, by Delaunay. 

Thus already, io 1852, all the, chemical reactions essential to the success of the ammonia soda 
process were well known, and it is significant that from that time onwards all the patents taken out 
which had any subsequent bearing on the hlstmy of the indu^ related to the disposition and 
nature of the apparatus to be employed, and it is m this ^nection that the ammonia soda process 
is indissolubly connected with the name of Solvay. Fr<A 1861 onwards, Ernest Solvay, with the 
assistance of bis brother Alfred, devoted his attention to the perfection of the mechanical details 
of the plant, and in 1863 La Soci^t^ Solvay et Cie was formed with a capital of 136,000 francs for 
the erection at Couillet of a factory to produce sodium carbonate by this process. In the year 1866 
the produedoD of this factory reached one and a half tons per day. 

In 1872 Ernest Solvay was approached by Ludwig Mood, with the consequence that the process 
was also started at Nor^wich, in Cheshire. The factory now at Winniogton, near Northwich, 
owned by Brunner, Mond & Co., is probably the lugest in the world, producing, as it does, about 
200,000 tons per annum. This company now also owns works at Lokock Gralam, Middlewich, 
and Saodbach, all in the Cheshire brine district, so that the total output of this firm will be in the 
n^hbourhood of 500,000 tons per annum. 

The firm of Messrs Brunner, Mond 8c O. forms part of the powerful Solvay syndicate which 
practically coutrols the ammonia soda industry of the world, owning, as it does, works all over the 
Cmitinent of Europe and in the United States of America. Besi^ the works owned by Messrs 
Brunner, Mond & Co., only two other ammonia soda factories exist in England, that of the 
United Alkali Co., at Heetwood, in lancariure, and that of the Ammonia Soda Co., at Lostock 
Gralam, in Cheshire. 

In America several factories outride the combine exist, notably the Michigan Alkali Co., the 
Colombia Chemical Co. , and the Mathieson Alk^i Co. 

On the CoDtioent a new factory outside the combine, ibe Adriawerke Aktiengesellschaft, Trieste, 
has recently commenced operations. 

Theoretical Consideratioiis. — The fundamental reaction on which the 
ammonia soda process depends is of the simplest character, and may be expressed 
by the equation — 

Naa + (NHJHCQj^NaHCO, + NH.Q. 

A OHttidmtion of the salability of these salts in aratei will indicate in which direction we may 
expM the reaction to proceed, and in consequence which salts, if any, we may expect to he 
premilated. 

Ine following table shows the solubility of MaCl, NaBGO,, and Nn,Q in water 
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Solubility of NaCl in Water. 



Temperatere. 


Grams in 



Degrees. 


100 g. 



10 • 

• 

- 3569 



20 > 


■ 3 S -*2 



30 - 


- 3603 



40 ' 


• 36-32 



-SO ' 


36-67 



60 


37.06 



NaHCOj in HjO. 


NH*a in H2O. 

Temperature. 


Gnuns In 

Temperature. 

Grams in 

Degrees. 


10® g. 

Degrees. 

100 g. 

0 - 


6.9 

0 - 

29.7 

10 • 

- 


10 • 

' 33'3 

20 • 


9.6 

20 - - 

■ 37-2 

30 - 


11. 1 

30 • 

41.4 

40 . 


12.7 

40 - 

- 45-* 

50 - 


14.5 

50 - 

50.4 

60 • 


16.4 

60 • 

■ 55-2 


Sodium bicarbonate (NaHCOj) is by lar the least soluble of all these sails, and it would thus 
be anticipate that the first salt to be preoatated would be sodium bicarbonate. The probabiU^ 
tlmi such will be the case becomes still gl^ler when one investigates the solubility of sodium 
bicarbonate in solutions of sodium chloride, ammonium bicarbonate, and ammonium chloride. 


Solubility of NaHCOg m NaCl (FedotielT, loc . cit .). 
NaCl. NaHCOj. 


NaCl 

Grams per Litre. 


NaHCOg. 

Grams per Litre 


0 



■ lOS-S-j 

172 ■ 



■ 29.0 1 

231 



20.1 1 

313 • 



- 12.1J 

0 



• 85-3! 

■75 • 



• 21.4 1 

234 • 



. 14.6 1 

312 • 



- 8.8 J 


Vat 30* C. 


SoiUBiUTY OF NaHCOj in NHjHCOj. 


NHiHCOj. 

Grains per Litre. 


0 

2 t.l 

79 '» 


NaHCO,. 

Grams per Litre. 

77.0 Vat 15 C. 

62.1 j 


Solubility of NaHCOj in Solutions of NH4CI and NaCl (Schreib). 

100 c;c. of a solution containing iS g. of NH^Cl dissolved before and after the addition of NaCl, 
gives the following quantities of NaHCO* : — 


At 25" C. 

At 40'' C. 

NH4a. 

NaCl. 

NaaCOjas 

NallCO,. 

NH,CL 

NaCl. 

NaoCO* as 
JVaHCOj. 

0 

0 

6.5 

0 

0 

8.0 

18 

0 

6.0 

18 

0 

7.0 

18 

3 

50 

18 

2 

6.2 

18 

8 

2.7 

18 

8 

3-8 

18 

■4 

1-7 

18 

■4 

2.3 


Thus in each case the sohibility in tlie saline solution is muA lowei than in water. 
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If, then, a current of carbon dioxide be passed through brine containing ammonia g^s in solution, 
the following reaction will first of all take place 

NaCl + abIHs + HaO + CO^ = (NH4)3C03 + NaCl. 

The effect wiH be the formation in situ of a solution of the normal carbonate of ammonia, when 
all the ammonia present has been converted into the normal carbonate. Further passage of carbon 
dioxide will result in the formation of the acid carbonate-- 

{NH^hjCO, + COj = aNH^HCOj. 

We shall in consequence have a system containing the ions — 

Na- cr NH4* HCO3'. 

The value of the solubility product [Na*] [HCOsT in the solution of sodium chloride is, of 
course, lower than in water, owing to the depression of the dissociation of the feebly ionised 
sodium carbonate by the strongly Associated s^ium chloride containing the common ion Na', and 
when a certain quantity of carb^h dioxide has passed, the solubility prodnct [Na‘] [HCO3'] is 
exceeded, and precipitation of sodium bicarbonate results. Were the passage of carbon dioxide now 
stopped no further precipitation would occur. As, however, more carlmn dioxide is bubbled through 
the solution, it is absorbed by the ammonium carbonate, giving ammonium bicarbonate. In this 
way the concentration of the HCO3 ion is renewed, and as Biere is a large excess of Na' ions 
present, the value of the solubility product is a^n exceeded, and so precipitation proceeds. 
Gradual depletion of the Na* ions from the solution, together with the fact that no more carbonate 
of ammonia is present, by means of which the concentration of the HCOs' ions may be increased, 
results eventually in a point being r^ched when theji^alueof the solubility product [Na'lfHCOa'] 
does not exceed the limiting value but is equal to it, with the consequence that equilibrium is 
established. Owing to the smaller value of the solubility product at a lower temperature, a 
reduction in the temperature of the solution at this point would, of course, lead to further precipitation. 
Thus for any given temperature the equilibriuiD will be repre^nled by the expression 

* [NaHCOal [NHPl.i, 

[NaCl] tNH4HC03) 

These considerations indicate the conditions necessary to obtain the maximum yield of sodium 
bicarbonate. It is apparent that— 

1. The solution must originally contain a very high concentration of the Na' ions, j.c. , it must be 

fully saturated voiih salt. , 

2. The solution must contain a high concentration of ammonia in order that by subsequent 
absorption of carbon dioxide the greatest number of HCOf ions may be produced. 

3. To decrease the value of the solubility product [Ah’] {.llCOf\, the temperature of the solution 
must be low. 

Unfortunately, for many reasons, both chemical and industrial, it is impossible to realise the 
ideal conditions. 

When a solution of sodium chloride is treated with ammonia gas, the concentration of the sodium 
chloride falls as the concentration of the ammonia increases. This is shown by the following 
table : — 


Solubility of Sodium Chloride in Solutions or Ammonia at 30“ C. 

(Ilemple and Tedesco, Zeit. angew, Cheni., 1912, 24, 2468.) 


NaCl. 

tz 

a 

Specific 

Gravity. 

Grams per 
Litre. 

Grams, Molecules 
per Litre. 

■ 

Grams per 
Litre. 

Grams, Molecules 
per Litre. 

293-38 

292.50 
289.70 

286.50 

283 ' 38 
283.06 

377.49 

370.57 

5-4836 

4.9973 

4.9500 

4.8950 

4.8436 

4.7943 

4-7413 

4 . 6 T 33 

* 9-535 

40-655 

47.260 

60.780 

72.070 

73.715 

81.S55 

97-490 

1-7374 

*-■3915 

3.7800 

3 - 5750 
4*390 

4- 2772 

4- 8150 

5- 7348 

>-1735 

1.1656 

1. 1600 

1-1494 

1.1406 

'->395 

1. 1301 

1. 1 305 . 


Further, in practice the ammoniacal solution of salt is klways to some extent diluted by water 

S r carriecl 0^ with the ammonia gas, and it i» found impossible during the precipitation of the 
n bicarhoatde to work sd very low temperatures. This matter will again be r^erred to later. 
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It is thus necessary to consider what is the roost suitable concentration in ammonia to which the 
brine should be brought, in order that the maximum yield of sodium bicarbonate may be obtair^d 
under industrial conditions. In the domain of pure chemistry the problem has been attacked from 
the standpoint of the phase rule by various workers. 

Schreib Ammonia Soda,” loc. ciL) gives the results obtained on carbonatingf, under the same 
conditions, solutions containing varying concentrations of ^t and ammonia. The experiments were 
carried out with only approximate accuracy, but nevertheless are comparative amongst themselves. 

Some of Schreib’s figures are here given : — 



Original Solution. 

Carbonated Solution. j 

Per Cent, 
of NaCl 
Converted. 

Na2C0.} as 
NaHCbg. 
Grams per 
Litre. 

: NH3 

per Cent. 

NaCl 1 
per Cent. 

NH, ! 
per Cent. ; 

NaCl 
per Cent. 

NH4CI ' 
per Cent. 

I 

6-3 

27.4 

1.2 

10.9 

16.4 

62.5 

■3S 

2 

6.6 

27-3 

1-3 

10.2 

16.1 

63.1 

146 

3 ' 


27.2 

1-3 

9-3 

>7-9 

67.8 

<54 

4 

8.9 

25.8 


7-4 

18.8 

73-6 

168 

5 • • 

i 

11.5 

24-3 

1-3 

7-3 

18.5 

73-6 

<45 


The solutions used in practice will (»rresfj8n<i to Nos. 3 and 4, although so high a conversion as 
73.6 per cent, of the NaCl'into NaHCOj will not usually be attained, as the carbonating operation 
for various reasons is never carried on to its extreme limit. 

Fedotieff {loc, at.) determined the solubility of the. four salts in the presence of one other. He 
then took weighed quantities of the NaCl, NH4HCO3 and HjO, and shook them in a closed ve.ssel 
for several hours at if C. In this way the following results were obtained 


In 1,000 g. of Water. 

Solutions Containing Gram 
j Equivalents per Litre. 

Per Cent. Decomposi- 
tion of NaCl. 

NaCl. 

NEIjIlCOj. 

NHj. 1 

HCO,'. 

Cl', j 

Na*. 

nh;. 

336 

33 ^ 

72.4 

0-3 

4.74 

1.78 

3-49 

62.5 

336 

377 

81.3 

a 64 

4.65 

1.47 

382 

68.5 

340 

416 

89.6 

0.77 

4.67 

1.25 

4.19 

73-4 


By means of a space mode! and graphical exlrajiolation he deduced that a maximum decomposi- 
tion of 83.4 per cent, of NaCl could be obtained in this way at a temperature of 30* C., and indicated 
that at l5‘’-2o’’ C. in industrial practice a conversion of 79-80 per cent. NaCl should be possible. 
'He further points out that theoretically it is better to treat common salt, either solid or in solution, 
with solid ammonium bicarbonate as in the process of Schldsing (English Patents, 21,37^5 1878; 
2,110, 1882 : 4,025, 18S5). 

Janecke {loc. at.) applies his graphical method of representing reciprocal pairs of salts {Zeits. 
anorg. Chem., 1906, 51, I 32 'I 57 > to the problem, and demonstrates the jwssibility of increasing 
the yield by the addition of solid NaCl whilst the solution is maintained at 32° C. 

As has previously been mentioned, the concentration of salt and ammonia in the ainmoniacal 
brine cannot be determined by purely theoretical conditions. It has already been pointed out 
that the concentration of the salt in the ammoniacal brine is* diminished to some extent by water 
vapour carried over from the ammonia distiller. Again, it is found in practice more difficult to 
prepare solutions containing a high concentration of ammonia than those containing a low 

concentration. . • . • ,j r .• 

When working with solutions containing a high concentration of ammonia the yield of sodium 
bicarbonate is better, and the more concentrated liquor returning to the ammonia stills requires 
less steam for distillation and less effluent is produced. The carbonating process is, however, much 
slower and there is more danger during the treatment of these strong liquors of losing ammonia" 

The ammonia soda process in outline (see also p. 321) may be summarised as 
follows ; Brine (NaCl) is saturated with ammonia gas (NH^), and subjected to the 
action of a current of carbon dioxide (COj), produced by the burning of limestone, 
when the following reaction takes place 

NaCl + NH3 + CO- + H2O " NaHCOs + NH4CI. 
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The bicarbonate’ of soda (NatiCOs) so produced xs httefed and, calcined 
(2NaHC0, = Na5C0j + C02) ; the evolved COj, being49sed against the mother 
liquor containing NH^Cl, is returned to the ammonia distiller^ where, by treatment 
with lime and-steam (sNH^Cl + Ca(OH)j = CaCl2 + 2NHj + 2H20)rthe ammonia is 
recovered and again absorbed in fr^ brine. The spent liquors (containing CaClj 
and NaCl), after extraction of the ammonia, pass away as the effluent. 


Operations on the Industrial Scale 

Preparation of the Saturated Solution of Salt. — It is essential to the 
commercial success of the ammonia soda process that an abundant supply of 
sodium chloride, either as rock salt or as fully saturated brine, preferably the 
latter, be close at hand. Some factories ate at work where the salt has to be 
transported to the works, but it is probable that, unless the price of soda ash in the 
country under consideration were not artificially maintained, they would have great 
difficulty in competing. 

Where rock salt mines exist, as at Fleetwood in Lancashire, it is usual to ftootf, 
these with water and to subsequently pump away the brine formed by theig 
dissolution of the rock salt (see p. 263, Salt Industry). 

The utilisation of the salt in the process is by no means complete, only 60 per 
cent, to 73 per cent, of the sodium chloride being converted into sodium bicarbonate, 
and for the production of i ton of soda ash it will be necessary to treat 7-8 tons of 
brine. 

Natural brine contains impurities such as calcium and magnesium salts 
(see p. 265). 

A typical analysis of natural brine (Cheshire) is given below : — 

Grams per Litre. 


NaCl . 

. 


‘ 300.0 

MgCq . 



• 0.6 

MgSO. . 

. 

• • 

; 0.7 

CaSO. ■ 


• 

4.0 

CaCO, . 


• 

r O.Z 


Formerly these impurities were removed before the brine entered the process, 
by treatment of the crude brine with sodium carbonate and lime. This, however, 
is not the usual practice at the present day, and the impurities which are precipitated 
' during the saturation of the brine with ammonia containing carbon dioxide are 
removed at a later stage. • ' 

The brine, from whatever source it may be obtained, is usually pumped into 
large reservoirs. From these reservoirs it is again pumped to a tank at the top 
of the main building, so that it may gravitate from there to the washers and 
absorber, and subsequently to the settling vats. 

Saturation of the Brine with /ynmonUi.— Several different forms of 
ammonia absorber have been used from time to time. They all depend for their 
construction on the simple principle of allowing the gas from the ammonia distiller 
to meet a stream of brine after -the manner of countercurrents. 

A typical tfaiorber is shown in Fig. 1. 'Tile brine fiows downward, Ihfoiigh the various 
compaitmcBts, whilst the ammonia gas by means of the serrated mushrooms, is caused to bubble 
throi^4& liquor in each compartment. This type apparatus is very widely used in the 
induilif filf itemerons operatiaiu. 

the "fewer ” washer, F^. 2, is of simiUr construction, but larger. It is used for recoverii^ 
carried awayli^ the gis current from the carbonating (dant. A portion of the brine 
entos the absorber wiU first pass through this colncnn. 

' The gases entering the oinmonia absorber insist of atnmonig, carbon dioxide 
froin tbe decomptwirion of the sodium and ammonium bicarbonates present : 

vapour, together with small quantities of ait wbiclv 
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have been previously present in the liquors, or in the water from which the 
steam necessary for distiflation was generated. In addition a certain amount of 
sulphuretted hydrogen will be present, due to the use of crude gas liquor, to make 
up for any losses in ammonia that occur. 

The ammonium sulphide thus formed reacts with the iron of the vessel to produce^a thin coating 
of sulphide of iron ; this prevents the dissolution of the metal by the liquors which otherwise would 
result in a discoloration of the finished product. 

During the distillation of I metric ton of ammonia there will enter the 
absorber at a temperature of 60* C., in addition to the i ton of ammonia, 720 kilos 
of COg, 380 kilos of H^O. 

The absorption of the ammonia by brine, of the oixbon dioxide by the ammoniacal brine, and 
the condensation of the water vapour, results in the evolution of large quantities of heat, with the 
consequence that the total amount of heat evolved will be approximately 900,000 kilo calories per 
metric ton of ammonia distilled. This will be sufficient to raise the 12,500 kg. of liquor in which 
the ammonia will dissolve by about 72^* C. 

It is essential that the temperature of the liquor in the absorber should be maintained as low as 



Fig, r.— Ammonia 
Absorber. 



Fig. 2. — Ammonia 
Recovery Tower. 


possible, in order to keep down the partial pressure of the ammobia in the liquor, and thus assist 
absorption. This is especially necessary when, as is now the case, the absorber is worked under a 
vacuutn. Further, at a high temperature the ammonium carbonate is decomposed, and a loss of 
carbon dioxide will result 

Unfortunately any cooling pipes inserted inside the vessel so soon become coated over with a 
heat insulating scale of calcium and magnesium carbonates as to render them almost inoperative. 
They must in consequence either be very frequently cleaned, or some other method must be adopted 
of keeping the temperatures down. It will office here to say that the temperature is so regulated 
as not to exceed 60^* C. 

The gas leaving the absorber will still contain a fair quantity of ammonia. It is 
in consequence passed through another tower, where it can again be submitted to 
the action of fresh brine. Finally ij,may, if necessary, be passed through another 
washer containing water in order that the last traces of ammonia may be removed. 
This final washer is in direct connection with an air pump, which maintains a 
* vacuum through the washers and absorber to the ammonia still. ,, , u u ' 

Part of the fresh brine entering the process passes first of all through the 
carbonating or tower washer, where any ammonia mechanically carried over by the 
gas current from the precipitating apparatus is recovered. It then joins the brine, 
leaving the absorber washer before entering the absorber itself. 

vSj.. I.— 20 



F ThuS-to ' 

I ya experinental pianttkenithorfa^ that by bubWing a,6cx> kiloi pet hi^ of NHj gW ova » 
r aur&ce of 3 sq. m. thioagh 6 in. of brine already containing 40 g. p« ntre of NH|i Kiios per 
hoar were absorbed when the temperature was mmntamed even es high hs 70 v., and the resulting 
" liquOT contained 80 g. per litre of NHj. , 

The liqtjor leaving the absorber will have approximately the following composi- 
tion;— NaCl, 360 g. per litre; NHj, 80 g. per litre; CO», 45 g. per litre. It will 
contain in suspension as carbonates all the calcium and most of the magnesium 
salts originally present in the brine. In order to clarify this liquor, it flows by 
gravity to the littom of a large tank, and is allowed to overflow from the top of 
this vessel to the bottom of another, and so on, until eventually the liquor arrives at 
the final tank perfectly free from all suspended matter. 

Several hundred tons of liquor may thus be kept continuously settUog. In this way not only 
is the clarification of the liquor accomplished, but the liquor leaving the last vessel is maintained 
at a constant strength, and the effect due to any irregularities in the working of the absorber is 



Fig. 3. — Influence of Temperature and COg content on tension 
of NH, in Solutions of Ammoniacal Brine. 


minimised^ The mud separating out in the settUug vats may be kept in a state of suspension by an 
agitator, and pas-sed to another vessel, where it is washed with brine or water ; alternately it may be 
pumped direct to the ammonia stills in order that the ammonia present may be recovered. 

Carbonating Apparatus.— The clear ammoniacal brine leaving the last 
settling or storage tank must be cooled down before it is subjected to the action 
of the carbon dimtide. Otherwise a large quantity of ammonia will be carried away 
by the gas current to the carbonator washer. 

It is interesting here to note that the amount of^nmmonia thus removed from solution is 
dependent not only on the temperature, but also on tluilbntent of carbon dioxide in the liquor, for 
as the concentrarion of carbon dioxide in the liquor increases, so the tension of the ammonia 
in station deaeases, with the consequence that the higher is the concentration of cart»n dioxide 
in the anuooniacal brine entering the carbonating apparatus, the smaller will be the quantity of 
ammonia curried away tw dm gas current The influence of temperature and of the carbcm dioxide 
content in the tension of ammonia in solutions of ammoniacal bnne as determined by the antbor B 
shoimin^ig;^ " » 

„ Wearves lefii to a solution containii^ 80 g. per litre of ammonia, and 370 g. per thre of 
^umtddoride. 





In order to cool the^molibnia^ibHne it is pumped through a cooler of the 
evaporative type, whereby the liquor passes through a number of cast-iron pipes over 
which cold water is running. - S 

Omng to the fact that the insoluble magnesium salts do not readily separate from solutions of 
ammoniacal brine, a portion of the magnesium salts present is precipitated on the interior of these 
cooling pipes as an intensely hard scale. The composition of this scale varies somewhat. It was 
found by Reinityer, ZeUs. angew, Ghent., 1893, 446, to consist of MgCO<)NaCl. 

The effect of this scale formation is to rapidly diminish the cooling effect of the apparatus, and in 
consequence the pipes must periodically be steamed ont, and the scale removed. 

The ammoniacal brine, cooled to about 30° C., is now ready to enter the 
carbonating apparatus. Various forms of carbonators 

have been devised, but it will be sufficient here to de- ] [ 

scribe the apparatus used by Solvay and that introduced | 
by Honigmann, D.R.P., 13,782. i-pSl 

Amongst other types of carbonating plant that have been used 
may be mentioned that introduced by Boulonvatd, French Patent, — ■- — " 

125,625, 1878, and by Schreib, D.R. P., 70,169. 

In the Solvay apparatus (Fig. 4) the liquor is pumped 
to the top of a high tower, where it falls over a series - 
of baffle plates and meets, after the manner of counter- 
currents, a stream of carbon dioxide gas rising upwards. 

The absorption of the carbon dioxide by the ammonia- 
cal brine results in the evolution of considerable quanti- 
ties of heat, and in order to keep down the temperature 
of the liquor the lower portion of the tower is fitted with 
the well-known Cogswes coolers (English Patent, 1,973, 

1887), which consist of a number of mild steel tubes 
expanded into a steel tube plate. The liquor as it reaches 
the bottom of the tower falls over these tubes through 
which cold water is running. The Solvay tower may 
be from 70-90 ft. high, and from 5-7 ft in diameter. 

It is tbe usual practice now to conduct llie carbonating opera- r \ 

tion in two stages. In the first tower the absorption of the carbon J ^ 

dioxide is allowed to proceed up to the point when most of the ^ 

ammonia present, but not all, has been converted into the normal \y X=— \ 

carbonate. From the bottom of this tower the liquor may be blown ^ 

into a storage tank, and thence pumped to the top of the second 

tower, known as the precipitating or making tower. Here further A I g A 

al^rption of carbon dioxide goes on, and the sodium bicarbonate V 

is precipitated. It is necessary to regulate with great care the ^ 

temperature of the liquor during tliis operation. If the temperature 

is kept loo high the sodium bicarbonate is of very coarse grain, and 1 

although well suited for the Thelen pans, it may not Slter so well I . 

not be so easily washed as material of a finer grain. At the same r-> ff ' ' ' 

time the yield Is, of course, considerably decreased, not only owing ^ 

to the greater solubility of the salt at the higher temperature, but 1 ^ ^ 

also owing to the iocteased partial pressure of the carbon dioxide _ xnw.r 

in solution, and the consequent decreased efficiency with which the rower, 

carbon dioxide is ateqrbed. It must be remembered that only so 

lot^ as the partial pressure of the carbon dioxide in the gas exceeds the partial pressure of the carbon 
dioxide in tbe liquor can absorption proceed. 

Should the temperature of the liquor be brought too low, the resulting sodium bicarbonate is 
of a pasty consistency. It is almost impossible to filter or wash the material, and on calcining in 
the Thelen pans it is discharged in the f»tm of small balls, the outside of which is the normal 
carbonate, whilst the interior is a core of the bicarbonate of sodium. 

The magma of bicarbonate of soda and ammoniacal liquor is blown by the gas pressure from 
the precipitating tower to the filtering plant. The temperature of the liquor leaving the carbonating 
tower will be about 30^ C. or less, it may, however, be mentioned liere that it is not so much 
file final temperalnte of the liquor which affects the grain of the bicarbonate of soda, as th« 
conditions existing in the tower before that temperature is reached. 

“ -Obstructions in the form, of hard crusts of sodium bicarbonate gradually form 
%i^ipiecipitating towe^^^ the consequence tto atjiftcrvals the towers must 




Fig. 4. — Solvay Tower. 
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either be changed over so that the fresh ammbniacal brine is pumped through the 
precipitating tower in order to dissolve these crusts, or the tower may be treated 
with steam and the dissolution of the crusts effected in this way. 

The liquor leaving the first Solvay tower may contain up to 90 g. per litre of carbon dioxide, 
whilst the liquor entering the filter will have been carbonated to such an extent that it contains 
about 20 g. per litre of free ammonia. 

The Honigmann apparatus (shown in Fig. 5) consists of three or more conical 
vessels fitted with cooling pipes, which are filled with ammoniacal brine, and 
through which the carbon dioxide is pumped in series. The gas pipes and valves 
on these vessels are so arranged that the gas may travel after the manner of the 
counter-currents, i.e., the strongest gas passes first through the vessel containing 
liquor weakest in free ammonia, whilst the almost spent gas travels through the 
liquor strongest in free ammonia. 

At intervals, when precipitation of the sodium bicarbonate is complete, the 
contents of one of the Honigmann carbonators is blown to the filter, after which 
the vessel is refilled with ammoniacal hrine and the process repeated. 



According to the size of the vessels the amount of bicarbonate of soda prodocerl in one operation 
will vary from 8-iz tons. The lime necessary for the production of this quantity depends, of course, 
on the concentration of carbon dioxide in the gas, together with the rate at which it is pumped 
through and absorbed. For the most part in practice the lime occupied in carbonating the contents 
of one of the Honigmann vessels will he from six to nine hours. 

The chief advantage claimed for the Honigmann apparatus is that the vessel 
does not become crusted up with bicarbonate of soda as is the case with the Solvay 
tower. Further, the resistance presented to the passage of the gas from the com- 
pressing engines is less, and in consequence a saving in fuel is effected. 

The Honigmann apparatus, however, introduces an intermittently working plant 
into the middle of a process otherwise continuous ; moreover, the system of counter- 
currents produced by the Honigmann apparatus is by no means so perfect as that 
produced by the Solvay tower, with the consequence that the absoqttien efficiency 
not so great. 

Thus with the Honigmann apparatus S0.90 per cent of the total carbon dioxide passed through 
will be absorbed, whilst with Solvay towers the absorption efficiency may rise as high as 90-95 
per cent. 

When working with the Honigmann apparatus one vessel will always he discharging Us contents 
to the filler whilst another is beUig filled, so that through these ,two vessels the carmtn dioxide will 
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only be passing through a small head of liquor, and the absorption of carton dioxide absorbed will 
not be so efficient as would otherwise be the case. During the period elapsing between the emptying 
of one cartonator and the filling of another the ves^l will be completely empty, and absorption 
of carbon dioxide will then only be proceeding in the other two vessels. Thc^ defects do not 
appear in the Solvay tower, since with normal working the tower is always full of liquor. 


On the content of carbon dioxide in the gas entering the carbonating plant the 
success of the whole process largely depends. The progress of the absorption 
of the carbon dioxide by the liquor is represented by the curves shown in Hg. 6. 



Fig. 6.— Absorption of COj by Aniraoniacal Brine. 


It will he seen that the concentration of the carbon dioxide in the clear liquor 
“ ro tbn nnint jt whco owing to tfic Separation of sodium bicarbonate at this time, a sudden 
fa,r«cur T ,rf“ee a;,:mo“L^^^^^^^^^^ of thcTiquor falls slowly up to Ae .mint X owing to the 
rem^al of ammonia in the gas current, whilst after the point x the progress of the action, 

(NHliHCOi + NaCl = NHjCl + NaHCOj, 

W -J 0,11 iKb free ammonia content, and a subsequent increase in the content oj 

If fa N * At'the time x the whole of the ammonia in the ammoniacal brine has been oonvertrf 
fixed NHj- , been mentioned, where Solvay towers are used this 



of tie Solvay towera and Honigmann carbonalore is ^d on a consideration of the 
■work which must be done in order to absorb unit weight of carbon dioxide in ammoniacal brine ot 
soitable concentration. , . / i .- l i.i. 

Thus in the case of the Solvay tower, the hi^er the column of liquor through whi^ the gas tm 
to pass, the more perfect will be the absorption, bat, at the same time, the greater will be the work 
wtoch must be done by the compressing ei^nes to effect that absorption. Expenments jamea OTt 
by the author show, as would be expected, that there is a certain point of maximum eraaemy wnen 
a compressor of given capacity is under consideration. . . , . . ' • x u • v* r 

If the work required to absorb unit weight of carbon dioxide is plotted against the teicMo 
liquor in the tower, all other conditions beii^ constant, then a curve showing a minimum value is 
obtained. 


The liquor blown by the gas pressure from the Solvay tower or from ,one of 
the Honigmann vessels has now to bt filtered. The filtering plant originally 
consisted of a round or rectangular v^el provided with a false bottom, over 
which sacking or other similar material would be stretched. The magnm of 
bicarbonate of soda and liquor was introduced into the vessel, when the liquor 



Fig. 7.— Mechanical Bicarbonate of Soda Filter— Revolving Cylinder Type. 


would pass through the false bottom, leaving the bicarbonate of soda to be 
subsequently washed with water. The filtering action would be assisted by a 
pump which, besides drawing off the liquor, maintained a vacuum under .the 
cloth. The bicarbonate of soda was subsequently dug out, and in some cases 
it would be further dried in a hydrcHixtractor. , . . 

These old static filters are now quite obsolete. They have been replaced m 
all modern works by mechanical filters which consist of a rotating p^omti^ 
drum or cylinder coveted with flannel, inside of which a vMUum is maintained. 
The drum or cylinder is partially immersed in a trough containing the magma 
of bicarbonate of soda and liquor. By means of the pressure of the atmosphere 
the liquor is forced through the cloth, leaving on it a layer of the substance m 
suspension. As the drum or cylinder revolves the layer of bicarbonate of soda 
is washed with water, and subsequently scraped off by a knife. Bee Figs. 7 Md 8, 

When working with a mechanical filter, as described above, it was found that 
itftet a '^brt time the pores of the filter cloth became clogged, and thus impeded 
the filtering 'process, with the consequence that, from time to time the apparatiM 
had, to . be stopp^ and the cloth washed. In order to avoid this trouble th< 
i^ iioiw divided into compartments, a yacuam_ Mn|g , maintained in eacl 





■ These filters which are described in English Patent 4,725, 189^ Cie, als^nglish 

Patent^ 701, I’ool, Houghton and United Alkali Co., are shown in Figs. 7 and 8 rapectwely. 

drum type. 

The bicarbonate of soda leaving the filter will have the following composition 


NaHCO, - ■ 


.0 

NaCl 


NH, 


. 84 per cent. 

• 15 .1 

■ 0.3 „ 

- 0,7 „ 
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The mother liquor is diluted to an extent of about lo per cent, by the wash 
water, and by dissolution in this water a small quantity of the birarbonate of soda 
is carried into the mother liquor. This liquor now contains nearly the whole of the 


t 



Figs. 9 and 10.— Ammonia Distillers. 


ammonia originally present in the ammoniacal brine. About 8 per cent, has been 
mechanically carried away by the passage of the gas, and will have been recovered 
by means of brine in the carbonator washer, and' thence returned to the absorber. 

A small quantity is contained in the bicarbonate of soda. 
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It appears quite impossible to remove by washing with water the last traces of ammonia present 
in the bicarbonate of soda. Whether the ammonium compound is present in the form of a solid 
solution, or has been absorbed by the sodium birarbonate, it is difficult to say. Further, it is 
im|X)ssit)le to tell by analytical methods in what state of combination the ammonia is present. 
Probably a portion is present as ammonium bicarbonate, although it is possible that some compound 
such as a double or complex carbonate of sodium and ammonium as — 



Distillation of the Ammotiiacal Liquors 

The mother liquor has now to be treated with steam and lime in order that 
the ammonia contained therein may be expelled and again absorbed in brine. 

The ammonia distilling plant is perhaps the most important part of an 
ammonia soda factory, as it represents the connecting link between one cycle of 
operations and another. 

The method of distilling the ammoniacal liquor consists in submitting it first to 
the action of steam when the free ammonia present, chiefly as the acid carbonate, 
is expelled. Here also any sodium bicarbonate present in the liquor reacts with 
the ammonium chloride thus ; — 

NaHCOj +;NH,C1 = NaCl + NHj + H^O + COj. 

After the removal of the free ammonia the liquor is treated with milk of lime, 
and again subjected as before to a current of steam 

Two types of distilling apparatus are shown in Figs. 9 and to. 

The principle Involved in all ammonia distillers is the same, although the construction of the 
apparatus varies somewhat in detail. 

The liquor is pumped first of all into the top portion of the distiller known as the heater. A 
current of .steam rising upwards expels the free ammonia. The liquor leaving the heater may now 
pass into the first compartment of that portion of the apparatus where the fixed ammonia is to be 
expelled. From here, after treatment with milk of lime, it flows downwards through the various 
compartments whilst the steam is bubbling through it, carrying away the ammonia gas. Thus as 
the liquor falls down the distiller, it becomes weaker and weaker in ammonia, until finally, on 
arriving at the last compartment when the whole of the ammonia has been driven off, the spent 
liquor is blown away by the steam pressure as the effluent. 

In some cases the liquor leaving the heater may be treated with milk of lime in a special vessel. 
From this vessel it may either be blown or pumped back to the distiller, or alternatively the mixer 
may be placed at such a level that the liquor flows in and out by gravity. 

The principles to be considered in the distillation of ammoniacal liquors are as 
follows : — 

1. A system of counter-currents must be employed with regard to the 
transference of heat, in order that the efficiency of the heat exchange between steam 
and liquor may be a maximum. This it will be seen is more or less accomplished. 
The fresh steam comes into contact with the hottest liquor, whilst the exhausted 
steam at the top of the heater comes into contact with the coldest liquor. 

2. A system of counter-currents must be maintained with regard to the con- 
centration of the ammonia in the vapour and in liquid phases, or rather with regard 
to the tension of the ammonia in the vapour and liquid phases. By this, of course, 
it is meant that the fresh steam must come into contact with the liquor weakest in 
ammonia, whilst the exhausted steam must come into contact with liquors containing 
a high concentration of ammonia. This system of counter-currents here outlined 
is unfortunately not perfect, since, as will be shown later, it is impossible to produce 
a system of counter-currents perfect both as regards heat transference and ammonia 
expulsion. 

The detenninipg (actor in the transference of the ammonia from the liquid to the gaseous phase 
will be the diiference between the partial pressure of the ammonia in the liquor and vapour 
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respectively. Hius the ideal system fox ammonia distillation would be a system where the tension 
of ammonia in the vapour increases as the tenskm of ammonia in the liquor increases. It may be 
represented as in Fig. II. ^ 

The curves show that here, as we pass up the apparatus, the tension of the ammonia in the liquor 
and in the vapour steadily rise and convey untU hnally on leaving the apparatus they &>mctde 
alternatively ; it may be said that the difference between the tension of ammonia in the ^ and in 
the increases irom zero and then decreases again to that value. The velocity with which 
the ammonia is being expelled at any point will be proportional to the difference in the twip partial 
pressures. Thus for example at the point x in the apparatus it would be proportional to the 
distance A B. 

The actual cooditioatt existing in a distiller devmte from the ideal conditions, owing to the &ct 
that the tension of NH| in the liquor b at a maximum in the middle and not at the top of the 
ccduinn.'^ This feature is shown in Fig. I2. 

The point x indicates that compartment of ^die distiller where the lime is introduced. It will 



Fig. ii.—Ideal Conditions for Ammonia DbtiUalion. 


be observed that a very ra{Md increase in the tension of ammonb both in the liquor and vapour takes 
place at thb point 

It u, of course, obvious that only so lo^ as the partial pressure of the ammonia in the liouor 
exceeds the panial ^esstne of the ammonia in the vapour ^l the gas be expelled from solution. 
Since the tension Uie ammooia in the tiquor inaeases raj^ly with rise in temperature, it 
may so happen that at die top of the heater where the coldest liquor is being intrcMUCMl, the 
conditfonsAll be reven^, i.e., the tension of ammonia in the vapour exceeds the tension in 
the liqiKKr>^ildtli the consequence that the concentration of the gas m the liquor will increase 
1:7 the ammonia gmng into solution. These conditions sre shown in 13. Thus at the 
poii^ the mnmmua pre^midy expelled starts to dissolve again. 

The teoAoa ef ammonia in the vapour after the point y will tend to decrease owing to the 
removai.of ammonia from the vapour to the liquor, but at the some time the condensation of water 
vaponr will lead to an increase in the tensioD of ammooia in the vapour, with the consequence 
that a in the cfuvc occurs at thb point. 

Tys oendhicMi of afiun b Iv no meant hypotbeticaL In bet with an tnef&dnt heater it may 
so hempen 6ei awitepia at all is evolved in tbu part of thtappantni; in £ut it b quite 
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pssible, under very adverse conditions, which, hwever, sometimes exist, that the liquor leaving the 
beater contains a m^her concentration of ammonia than when it entered. 

The dotted line in Fig. 13 shows how this mi^t result: It will be observed that in this case 
the tension of the ammonia in the liquor never in the heater exceeds the tension of ammonia in the 
vapour. 

Under these conditions, which are of course exceedingly objectionable, it will usually be found 
that the liquor leaving the heater contains a targe quantity of carbon dioxide present as ammonium 
carbonate^ with the result that the milk of Ihne comlnnes with the carbon dioxide to give Calcium 
carbonate — 

(NHjljCOa + Ca(OH)2 = aNH, + H^O + CaCOg. 

Hence not only carbon dioxide but also lime is wasted, since the reaction — ' 

CaCOj + aNH^Ci = CaClg + HgO + aNH, 



Succmvve compotrlmer^ 

Fig. i2.~Tension of NH| in Liquor during Process of Distillation. 


only proceeds very slowly in the still and the greater part of the calcium carbonate will pass away 
as such. 

The distillation of ammonia in the upper portions of the still proceeds with great rapidity, but 
the final expulsion of the lost traces of ammonia is only accomplished with difficulty. 

In order that there may be no loss of ammonia in the effluent, it is necessary 
to work with a small excess of lime in the distiller. This excess must, of course, be 
kept as low as possible, and with an efficient plant skilfully handled will jgary from 
3-5 g- per litre. 

It will be apparent from a contideration of the factors previously outlined, on which the distilla- 
tion of the ammoniacal liquor depends, that it will !:« especially advantageous to work the 
distiller under a vacuum, since in tnis way the partial pressure of the ammonia in the vapour is 
decreased, and ffie twden^^ for the gas to be expelled from solution is, of course, much greater. All 
modem distillers are now worked under a vacuum whidi extends through the absorber and washing 
lowers. Care has to be taken in working the apparatus under a vacuum that the various com* 
partments in the distiller do not become gas lock^, otherwise the liquor will “hold up” m the 
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heater^ and thereby cause great itregulartties in the working of the entire plant. With a distiller 
suitably designed and worked under the conect conditions, this gas locking trouble, however, does 
not occur. 

The construction of amtnfmia distillers has been continuously improved and their capacity 
increased until at the present day one unit will distil sufficient liquor to produce from i,ooo to 2,ocx) 
tons of ash per week, working with absolute regularity for twelve months, when supplied continuously 
with steam, liquor, and milk of time. A certain quantity of scale slowly forms in the distiller ; it 
consists for the most part of calcium sulphate and Na^O^ which has been produced by the follow- 
ing reactions from the calcium sulphate originally present in the brine. 

In the absorber — 

CaSO, + (NH^laCO, = CaCO, + {NH4)2SOj. 

In the distiller— 

{NH4)2S04 + CaO = CaSO^ + 2NH3 + H.3O. 



Fic. 13. — Tension of NH3 in liquor during Process of Distillation, showing 
Absorption of NHj previously expelled. 


A sample of this scale examined by the author had the composition 


CaSO^ 

CaCOs 
Na2S04 - 
MgSOi ■ 

NaCl 

HjO (difference) - 


76.83 per cent. 
6.35 „ 

3.76 .. 

0.04 „ 

0.48 ,, 

•3.54 „ 


The steam used for driving off the ammonia in the distillersis supplied by 
the exhaust of the compressing and other engines in the plant. The valves on 
these engines will be set in such a way that expansion in the cylinder takes place 
down to the back pressure of the ammonia stills. In order that the steam con- 
sumption may be kept low, it is apparent that this back pressure must be reduced 
as far a#possible. This is, of course, in part effected by working the distiller 
under a vacuum. The total quantify of heat that must be supplied to a 
distiller depends on a very large number of factors, so that it can hardly be here 
attempted to consider the question in detail. It will be sufficient to state that 
in practice it will approximate to 3,000,000 kilo calories per ton of ash produced. 

In the design of a tooiy it is an important matter to decide as to how many of the engines 
will be made condensing and bow many non-condensing in order that the requisite quantity of 
steam may be admitted to the ammonia distiller. 
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. The economy obtained by exhaust steam is evident, the engines merely acting as reducing valves. 
Of the total heat supplied to the engine, 97 per cent will pass away in the exhaust. 

The utilisation of high pressure and superheated steam for the purpose of ammonia distillation 
has often been suggest^. The fact is frequently lost s^ht of, however, that the effect of the 
superheat will be almost entirely removed in the bottom compartment of the distiller. The 6nal 
result being that rather less effluent will be produced owing to the evaporation of a certain quantity 
of liquor in the bottom compartment. Further, it will already have been observed that the 
important factor in expelling the ammonia from solution is not so much the intensity of the 
temperature of the steam as the volume occupied by it, since each bubble rising through 
the apparatus has a tendency to become saturated with ammonia gas. 



The gases leaving the distiller are maintained at a temperature of 75^*85" C., 
and will in consequence he saturated with 
water vapour at this temperature. In order 
that the brine in the absorber may not be 
unduly diluted or heated by the condensa- 
tion of the water vapour, the temperature 
of these gases is reduced to about sy”- 
60“ C. by passing through a cooler which 
may be of the evaporative or muUltubular 
type. 

The liquor condensing in these coolers is a strong 
solution of ammonia containing more or less carbon 
dioxide. It is run back to some portion of the heater, 
preferably the upper compartments, in order that the 
system of counter-currents may be mmntalned. 

The gas, after being cooled, passes to the 
absorber, when the cycle of operations is 
once more commenced. 

It is es-sential that the pipes carrying the ammonia 
gas be of ample dimensions in order that very little 
frictional resistance be offered to the passage of the 
gas current. 

The Lime-Kilns.— The function per- 
formed by the lime-kilns in the ammonia 
soda process is two-fold. They supply not 
only most of the gas necessary for the car- 
bonating operation, but also the lime for 
decomposing the ammonium chloride. 

Owing to the necessity for recovering the 
gas, the limestone is calcined directly with 
coke in closed kilns. The suitably propor- 
tioned mixture is introduced into the top of 
the kiln, where it is heated by the issuing 
gases. It then passes through the zone of 
combustion where the change 

CaCOj = CaO + CO.j - 42,520 calories* 


_k. 


Fig. 14. — Lime-Kiln. 



takes place. 

The hot lime, as it passes further down the kiln, is cooled by the air entering 
and is finally discharged, either by mechanical means or by hand, into waggons. 

It will be seen that an efficient kiln is pcifectly regenerative in action, the whole of the heat 
being conserved. 

Fig. 14 shows one type of kiln in use. 

The lime may be delivered into a vessel provided with a perforated false bottom 
provided with agitating gear (shown in Fig, 15); here it is slacked by hot water. 
The milk of lime containing 250 g. per litre CaO is run off and sieved, when after 
passing through storage tanks it is dflivered to the ammonia stills. 


Thomsen. 
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These intennittent lime slackers have in some work given way to a continuous form of 
apparatus. 

The gas evolved by the lime-kilns is drawn by the compressing engine through 
scrubbers which consist of towers, where the gas is either caused to bubble through 
layers of water, or it is exposed to the action of a current of water flowing over 
some suitable packing material, such as coke, limestone, blue bricks, etc. After 
passing through the scrubbers it is mixed with the gas given off during the decom- 
position of the bicarbonate of soda, and delivered by the compressors to the 
carbonating plant. 

Calcination of the Bicarbonate of Sods^-Having now described the 
cycle of operations which has led to the formatiom of sodium bicarbonate, and 




subsequently to the recovery of ammonia from the mother liquors, we may now 
proce^ to the final stage of the operation— the conversion of the bicarbonate of 
soda into the normal carbonate The decomposition is effected in one or two 
operations, and may he carried out in mechanical or static furnaces. 

When the operation is carried out in two stages thd bicarbonate of soda is first 
calcined to the point when most of the moisture and the whole of the ammonia 
has been evolved It is then passed to the TbOlen pans where the decomposition 
is comp^ed. • 

■ ^ lalcimiffi ,^»ration may sbo be carried ont fa a revolving furnace, such as that 

described m United »at^ AmeiiMi FWent 386,664, it 60 ft. long, 5 ft dfameUw, 

•andi«,lw^'etternally.by-g|^'.eA^ 
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The most usual form of calciiting furnace is that known, as the Thelen pan, 
which is shown in Fig. 16. 

It consists of a number of cast-iron semidrcttlar plates about 2 in. thick, 6-10 ft in diameter, 
and 7-8 ft. long. A number of these pans are boltM together by means of flanges, so that Ae 
total length of the furnace may be from 30-50 ft 

The pans are healed externally by means of gas, or coal. The flue gases traverse the length of 
the furnace and pass away by means of a downteke. 

The moist or partially dried bicarbonate of soda is fed by a mechanical device into the furnace 
in such a way that no gas can escape. The material inside the furnace is carried backwards and 
forwards by a number of scrapers so inclined as at the same' time to push the material forward. 
Hiese scrapers are attached by means of arms to a rotating shaft which makes a semicircular 
movement In this way the substance is pushed slowly over the pans towards the end of the 
furnace and is eventually dischargfed at a temperature fif about C. The discharge of the 
materia] is conducted in such a mannw’ as to prevent the entrance of air or the escape of gas. - 

The mechanical gear on these furnaces wUl, acconling to the size of the apparatus, absorb from 
10-20 H.P. 

M: 

The following figures, taken by the author, show the progress of the calcining 
operation as conducted in a Thelen pan, the samples being taken every six minutes. 
The bicarbonate of soda was a special sample arrangtS to contain as near 
possible 20 per cent, of moisture. 


NaaCOg 
per Cent. 

NaHCOj 
per Cent. 

NaCl 
per Cent. 

NH, 
per Cent. 

up 

per Cent. 

mi. 

79.0 

0-57 

0.75 

19.68 

33.08 

56.0 

I.O 

0.12 

9.8 


54 

1.07 

0.09 

9.0 

W.27 

9.0 

1.0 

0.03 

1.7 

88.5 

90 

I.O 

mi. 

*•5 

99.0 

Nil. 

I.O 

mi. 

mi. 


The mixture of steam, ammonia, and carbon dioxide leaving the furnace is 
drawn first of all through a multitubular condenser. Here the steam is condensed, 
giving a solution, the composition of which will vary within small limits according to 
the content in ammonia and moisture of the material which is being calcined. It 
will contain, however, about 25 g, per litre of ammonia and 42 g. per litre of CO^, 
and is thus a mixture of the normal and acid carbonate of ammonia. After 
leaving the condenser the gas may be passeds through a brine or water scrubby, 
where the last traces of ammonia will recovered. Finally after mixing with the 
furnace gas it passes to the compressors. 

Althoc^h it has been shown by Gaut^ [Bfr. Dmtsck. Chtm. Ges.^ 9, 1434, 1876) that complete 
decomposition of sodium bicarbonate takes place readily at 100” -no" C., yet in practice in order 
to increase the velocity of the action much higher temperatures are used, and in the hottest part of 
the furnace under the Thelen pans the temperature will be in the neighbourhood of t,ooo“ C. 
•The presence of moisture in the material, its low conductivity for heat, together with the tendency 
which the crude bicarbonate has to form into lumps, renders this part of the process most difficult 
to carry out economically in practice. 

In order to odcine too kilos of bicailxmate of soda, the following quantities of heat must be 
supplied 

Decompo^tion of NallCXls 
Evaporation of water - 
Heat lost by the COg • 

Heat carried away in ash 
Radiation, etc. • 


^ Awuming coal with a caloriflc value of 6,500 calories is used and a heat efficiency of 70 per cent 
■ffl the furnace, the quantity of coal required will be about 14.5 kilos per 100 kilos of ash, i.e., the 
amount of M burnt under the furnaces will be 14I tons for every too tons of ash produced. 


• - 27,800 calories. 

• 18,900 „ 

' 1,610 „ 

• 41500 ». 

•• 13,000 „ 

66,000 approx. 
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When the soda ash is intended for export or glass-making purposes, it is after 
leaving the Thelen pans again calcined at a high temperature in a Mactear furnace, 
and subsequently ground to a powder. In this way the density is considerably 
increased. Thus, whereas loog. of light ammonia ash occupies a space of about 
600-700 C.C., the same quantity of “heavy ash” only occupies about 300 c.c. 

The soda ash is conveyed by a worm conveyor to the ash mill, where in a 
mechanical sieve it is reduced to a fine powder, and is then ready for packing. 

The Compressing Engines. — The gas compressors form a very important 
part in an ammonia soda factory. Their function is, of course, after drawing the 
gas from the lime-kilns and the furnaces to force it through the carbonating 
apparatus. The back pressure exerted by the carbonating apparatus will be from 
35-40 lbs. with Solvay towers, and from 30-40 lbs. per square inch when Honig- 
mann’s carbonators are used. 

Th« compressors are direct acting, and are u^aily fitted with mechanically operated valves such 
as those of the Burchardt or Riedler type. It is impossible to use the highest class of valve giving 
a sharp cut off, owing to the exceptional difficulty of removing the last traces of dust from the 
Ume-kiin gases. It is of coarse essential that in any case the gas posing to the engines should be 
^ free as possible from suspended matter, otherwise Uie gas cylinders and valve faces rapidly 
become scored. The cylinder will in all cases be water-jacketed. It is necessary, however, 
to cool the gas still further before it enters the carbonating plant. 

Content of Carbon Dioxide in the Various Gases. —A ve^ large portion 
of the power raised in an ammonia soda factory will be used in pumping the 
carbon dioxide through the carbonating plant. It is hence a matter of the very 
greatest importance to maintain the content of carbon dioxide in the gas as high as 
possible in order that energy may not be uselessly expended in compressing large 
volumes of weak gas. 

In order to produce i metric ton of sodium carbonate the quantity of carbon dioxide theo- 
retically required is 422 cub. tn. at N.T.P. 

A certain quantity of carbon dioxide will, however, after compressing be lost owing to the 
following causes ■ 

1. Inefficient absorption in the carbonating plant. 

2. Formation of calcium carbonate from calcium sulphate in the brine. 

3. Incomplete expulsion of carbon dioxide in the healer. 

4. Incomplete ab^rption of carbon dioxide in the absorber. 

5. Leakage through valves, piston rod, glands, etc. 

The total loss of carbon dioxide will vary in different factories between fairly wide limits, and it 
will usually be found necessary to pump from 450-500 cub. m. per metric ton of ash produced. 


*0f the total quantity of carbon dioxide required for the production of the 
sodium carbonate, theoretically 50 per cent, should be drawn from the soda 
calciners, and 50 per cent, from the lime-kilns. Since, however, the quantity of gas 
that has to be passed exceeds the theoretical quantity, the greater volume must be 
drawn from the lime-kilns, since the calcination of the bicarbonate of soda cannot 
furnish a greater quantity than 21 1 cub. m. per ton of ash produced. 

The Content of Carbon Dioxide in the Lime-Kiln Gas. — In order to calcine 100 kilos of * 
limestone, the following quantities of beat must, in practice, be supplied 

Decomposition of CaCOj 42,500 calories 

Lo^ by withdrawal of hot lime, exit of hot gases, radiation, etc. • 15,100 ,, 

Total 57,600 „ 


Now the quantity of heat given out the burning of l kg. of carbon present in the coke will 
be approxinnutely 8,000 kilo calories. The total quantity of carbon necessary is hence 




This quantity of ^bon will require for combustion 13 cub. m. of oxygen yielding I3.0 
cub. m. or CO^. As the oxygen is supplied by the air there will also be present 53.6 cu^ m. of 
mtregen. 
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Thus the issuing gases will have the following composition 

COg from decomposition of CaCOj • * - 22.4 cub. n.. 

CO2 from combustion of coke - • • • 13.4 „ 

N2 from atmosphere ..... 53.6 ,, 


and the content of the carbon dioxide in the gas will be 


35-8 X 


89.4 


89.4 


= approximately 40 per cent. 


Assumii^ coke with a content of 90 per cent, available carbon is used, the consumption 01 
this material will be 


7.2 xl^=8.0 kilos per too kilos «f limestone. 

90 

Content of Carbon Dioxide in the Furnace Gases.— The design of the calcining furnaces 
has been continuously improved until the gas now drawn from this source contains from 90-98 per 
cent, of carbon dioxide, and practically no loss occurs. 

Content of Carbon Dioxide in the Mixed Gas. — If it is assumed that the total loss of carbon 
dioxide in the process, owing to the various causes previously mentioned, is 10 per cent, thpn it will 

be necessary to pump 422x152=469 cub. in. of carbon dioxide to produce i metric ton of ash. 

Of this quantity the furnaces should supply 200 cob. m., leaving 469- 200=269 cub. m. of carbon 
dioxide to be supplied by the kilns. 

200 cub. m. of carbon dioxide from furnaces at 95 per cent. = 210 cub. m. gas. 

269 ,, „ ,, lime-kilns at 40 per cent =672 ,, 


Total 882 


Thus m order <0 produce i metric ton of ash it will be necessary to compress 882 cub. m. of 
gas containing 469 cub. m. of carbon dioxide, or 53.2 per cent by volume. 

It will be seen that the content of carbon dioxide in the mixed gas is not only dependent on the 
strength of the lime-kiln and furnace gases, but also on the total quantity of gas pumped, and on 
the quantity of gas recovered from the ftrnaces. 

Summary of the Operations— Fig. ry shows diagrammatically the manner 
in which the various parts of the apparatus in the ammonia soda process are 
combined together. 

Limestone mixed with coke is charged into the kiln a. The issuing mixture 
of carbon dioxide and nitrogen is drawn by the compressing engines c through 
the water SQrubber b, and is then pumped through the carbonating tower p, where 
it meets a stream of ammoniacal brine. Here most of the carbon dioxide is 
absorbed, and the spent gas containing a small quantity of ammonia passes through^ 
the brine washer N where the ammonia is recovered. A final scrubber o, fed with* 
water, removes the last trace of ammonia gas should any escape the washer n. 

The magma of bicarbonate of soda and ammoniacal liquor is blown from the 
tower D by means of the pipe k to the filter p. The moist sodium bicarbonate 
passes to the furnace T, where it is calcined and subsequently discharged as soda 

ash at G. ’ t L j 

The gas leaving the furnace is drawn by the compressor c through the condenser 
s, where the water vapour is condensed. The final traces of ammonia in the gas 
are removed in the washer v, after which it is mixed with the lime kiln gas. 

The liquor leaving the filter passes to the storage tank q, and is delivered by 
the putnp R to the top of the heater h of the ammonia distiller. The ammonia 
is expelled from solution by a current of steam supplied through the pipe a. After 
reaching the bottom of the heater l the liquor leaves by the pipe d, is mixed with 
milk of lime, and returned at c, when the fixed ammonia is expelled in the still k. 
The spent liquor is blown away by the pipe b. 

The gas leaving the ammonia distiller, after being cooled in the apparatus H, 
bubbles through brine in the absorber G, where most of the ammonia is dissolved. 
Any gas not absorbed passes to the washer m, where, by means of fresh brine, 
the last traces of ammonia are removed.. The brine entering the absorber comes 
from the tank v after passing through the washers n and m. 

VOL. I.— 21 ■ 




Fig. i7.->-Dia^&m showing Ammonia Soda Process in Outline 
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The amraoniacal brine, leaving the absorber g, passes through the ^ttling vats 
F and F, and is delivered by means of the pump E to the top of the garbonating 
tower. 

Control of the Process. — In order that the final product may be produced 
with the minimum consumption of raw materialSf and in order that the maximum 
output of the various units may be maintained; it is necessary to watch every phase 
of the process with the greatest care. ^ 

The lime-kiln gases and furnace gases will be continuously sailed in order 
that the concentration of carbon dioxide may be maintained at a maximum. 
Further, the relative quantities of each of theke gases, as shown by the mixed gas 
test, will be watched. 


This relation is readily obtained. 

Let X = volume of lime-kiln gas and = per cent, of COg, 
y =s volume of furnace gas and p\ = per cent, of COg, 
P = per cent, of COg in mixed gas. 


Then 

= volume of CO® in lime-kiln vases, 


100 

and 

= volume of CO® in furnat^ gas. 


100 ® 

Hence, 

xioop, 

too 

' 

X \ y 

or, 

y{px-'^)^xK^ -p\. 

i.t.. 



It wiH be seen that relative volumes of lime-kiln and birnace gas are inversely proportional to the 
amounts by which the respective carbon dioxide content differs from the mixed gas content of carbon 
dioxide, and the relative volumes of carbon dioxide supplied can be obtained thus : — 


COg from lime-kilns _ p{p\ - P) 
COg from furnaces />i(P - p) * 


This expression, should approach unity. 

PH° - P) 


The smaller the value is, the higher wtU be the efficiency of the process. 


The spent gases leaving the carbonatgr washer must also be analysed in order 
that this loss of carbon dioxide may be kept as low as possible. 

It may be here pointed out that if the gas leaving the process contains 5 per cent, of carbon 
dioxide, the percentage of carbon dioxide really lost is much greater. If x— per cent, of COg In 
original gas, and-^'sper cent, of COj in the gas leaving the process, then the percentage loss 
of COa will be— 

X .00, 

(100 -/)ar 

from which expression it is apparent that the percentage loss of carbon dioxide is dependent, not 
only on the actual percentage of carbon dioxide in the gas going to the atmosphere, but also 
on the percentage of carbon dioxide in the gas entering the process, for by increasing x the value 
of the above expression will be lower even if the value of y remain constant. 

According to the efficiency of the carbonating plant, thehxit gases will contain 
from 2-10 per cent, of carbon dioxide. An average of 3-4 per cent, will represent 
fairly good modem practice. 

The ammoniacal brine in the absorber will be sampled every few minutes, and 
its content in ammonia and salt determined. 

It is essential to the success of the process that the concentration of ammonia in the ammoniacal 
brine keep constant at the required figure, whilst the salt content must continually be kept as 
high as possible. 

During the carbonating operation frequent samples are taken at various st^es. 
Where a semi-carbonating tower is employed, the content of the carbon dioxide 
in the liquor leaving will be determined by Lunge’s volumetric method. During 
the precipitation of the bicarbonate of soda the temperature is carefully controlled, 
and the decrease in the content of free ammonia (fetched. The operation is m 
conducted that the liquor passing to the filter is ofarniform composition. 
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The bicarbonate of soda leaving the filter will be tested for ammonia, salt, 
and moisture. During the calcining operation the physical appearance of the 
material undergoing decomposition and temperature of the product leaving the 
furnace are the most important features to be watched. The final product may 
be tested for sodium carbonate, salt, insoluble matter, and iron. The quantity 
of the two latter constituents should be almost negligible, with the consequence 
that the soda ash produced if exceptionally pure, containing from 99-99.7 per 
cent, of NSjOGj. 

The return liquor going to the ammonia still is tested for free and fixed 
ammonia ; the liquor leaving the heat*r for free ammonia and carbon dioxide. 

The concentration of the milk of lime, and the lime excess after admixture with 
thu ammoniacal liquor, require ver^i careful control if the distilling operation is to be 
carried out with the minimum toss of lime and ammonia. 

It is essential that the strength of the milk oF lime be maintained as high as possible, in order to 
avoid excessive dilution of the liquors and consequent increase in the steam consumption in the still. 
Further, as every cubic metre of qiHuent will carry away from 2-10 kilos of lime and a trace of 
ammonia, it is apparent that the total volume of effluent must be kept low. 

r 

The content of ammonia present in the liquor nearing the bottom of the 
ammonia distiller is continuously determined, and the operation so conducted that 
the liquor in the last compartment contains an almost negligible quantity of 
ammonia. 

In practice, however, this liquor will always contain a trace of ammonia, although the total 
amount should not exceed .oot g. per litre. The quantity of effluent passing per ton of ash 
produced will thus be carefully recorded. 

The temperature of the gas at the top of the heater, and of the liquor leaving 
the heater, is kept under close observation. Too high a temperature at the top of 
the heater will mean excessive steam consumption, and a large amount of work 
being placed on the gas coolers. Too low a temperature will mean inefficient 
working' of the heater. In consequence, the temperatures are maintained at the 
figure which experience has shown to be most suitable for the particular apparatus 
in question. 

The temperature of the gas leaving the coolers must be maintained in the region 
of 58”-6 o“ C. Below this range the pipes will become blocked with ammonium 
carbonate. Above it excessive quantities of water vapour are carried to the 
absorber, and the salt content is diminished. Further, the temperature of the 
absorber will also rise, and this, as it has been mentioned, it is desirable to keep as 
low as possible. 

The Yield of Soda Ash per ton of ammonia distilled is an important factor. 
The equation : — 

2NH,HC0, + xNaCl = xNallCO, -I- 2NH,C1 

nJ^O, + HjO + CO.^ 

shows that i ton of ammonia should produce 3. i tons of ash. 

In practice, however, for a Urge number of reasons, the yield falls considerably short of this 
figure, and may fall as low as i,6 tons of ash per ton of aminonia distilled. 

In any plant when the stock of ammonia is more or less constant the 
determining factor in the output is a figure which may be called the ammonia 
cycle. This figure is obtained from the expression 

Tons of NH, dniilkd pe r unit o f rime 
Tons of N H j in stock ' 

aod thus represents the number of times the stock'of ammonia has gone through 
^ , cycle of operations in the period under consideration. The greater the speed 
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with which the ammonia stock can be circulated through the various stages of the 
operations, distilling, carbonating, and filtering, the greater, of course, is the 
production. 

It is scarcely necessary to add that the power consumed in the ammonia soda process should be 
generated as economically as possible, the evaporative efficiency of the boiler plant being controlled 
in accordance with the most modem practice. With normal working the steam load will be 
practically constant. Large quantities of hot water for boiler feed purposes can usually be 
obtained from various sources, so that the efficiency of thfe boiler plant should be high. The 
effective utilisation of the steam once generated will depend on the efficiencjl^ of the process. 
A large proportion will be consumed by the compressing engines, and it is necessary to indicate 
frequently the gas and steam cylinders in order 'll^t tncir efficiency may be maintained at a 
maximum. Further, the relation between the quantity of gas which appears to have passed from 
chemical considerations, and that which should have Iteqp pumped, assuming a certain volumetric 
efficiency of the compressor, should be recorded in order that any discrepancy may at once be 
noticed. 

Although the chemical reactions underlying the ammonia soda process are 
so simple in character, yet on the industrial scale the greatest difficulties are 
presented. The various operations are so interdependent one on the other that 
inefficient working, or a breakdown of any portion of the plant, is at once reflectei 
throughout the entire process. Further, the disturbing influence will make itself 
felt for a considerable period after the defect has been remedied. 

In order to maintain the continuity of operations so essential to the success 
of the process, it is necessary that those parts of the plant liable to accident or 
breakdown be duplicated. 

The manufacture of ammonia soda in the most economical manner is an operation on which 
must be brought to bear experience, together with the highest technical ability. 

In modern factories a very high state of efficiency has been arrived at, and with almost monotonous 
regularity, day and night for three hundred and sixty-five days of the year, many hundreds of 
tons of soda ash per week are produced with a minimum consumption of raw materials. 

Factories designed, and subsequently worked, by those without previous experience in the 
industry have usually had to undergo many alterations before efficient working could be attained. 
Once, however, the initial difficulties of the process have been overcome, and the plant has been 
made efficient, very little further trouble will result. 

Consumption of Raw Materials and Cdsts.— The raw materials used 
in the ammonia soda process are coal, coke, limestone, and ammonia. 

The cost per ton of these materials will be governed partly by the locality 
of the factory, whilst the actual consumption will depend on the efficiency of the 
process. 

Such has been the advance made in the industry, that the figures given by Sebreib [Ckem, ZtU . , 
1894, p. 1951), as the lowest possible according to calculation, are those now realised in actual 
practice. 

Consumption of materials for 100 kilos of soda 

Coke - • • - 6.5 kilos. 

Limestone - - - - 120 ,, 

Coal • • • • 50 >» 

Ammonia - - - - 0.22 ,, 

Whilst the consumption of coke will be slightly more than the figure given by Schreib, the 
ammonia loss will be considerably less, and with good practice should not exceed a I kilo per 
100 kilos of ash. In order to arrive at the final cost of production of the finished article, it 
will be necessary to add to the cost of raw materials, wages, standing charges, cost of package, etc. 
As these latter items are so variable, it will be unnecessary to discuss them here in detail. Owing 
to the great facilities usually afforded in the factory for handling the raw materials, and to the 
fact that the actual product during the various stages of manufacturi is never touched by hand, 
the wages item will be very low, whilst owing to the large amount of plant and land necessary 
for producing ammonia soda, standing charts will be rather high. 

Finally, it may be said that the ammonia soda process is in the hands of very few firms, and 
is by them conducted with the greatest secrecy, so that those details so essential to the commercial 
success of the process are not known to the general public. 

Those who peruse the patent literature will have been struck in recent years by the absence of 
matter relating to this process, and from this might be led to conclude that little or no progress 
has recently been made. Such, however, is by no means the case. Rather than indicate to 
competitors the directions along which economy can be effected, and rather than invite them 
to infringe the patent in question, or to improve upon it, the manufiicturer prefers to on 
his operations behind closed doors, behind which none but the most trusted employees are admitted. 
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Modifications of the Ammonia Soda Process 

The final result of the amnionia soda ^ocess, ^ 

CaCOj + 2NaCl = CaCla + Na^O,, 

leads to the formation of two products, only <me ol^ which' is of any great commercial value. In 
consequence of this, the application of the process to the treatment of sodium sulphate was 
' patented by Bower, English Patent 8,413, 1840 ; Gerlach and Weldon, English Patent 5>^5> 1^3 > 
also Gaskell and Hurter, English Patent 5,71a, 1S83. Its application to sodium nitrate was 
patented by Le^e & Co. in 1871, and by Chance in 1885. Colson {loc. cU.)^ again, discusses 
this subject, which has been further invest^ated by Fedotieff and Koltunow {Zeits. attorg. Chem.f 
247). They find that the behaviour of sodium nitrate is very ^milar to that of sotUum 
chloride, although it is possible by suitable treatment to precipitate the whole of the sodium as the 
bicarbonate. 87.5 per cent, of the ammonia may be recovered as the nitrate ; altermtively after 
distillation with lime a product may be obt^ed having the composition 79.42 per cent. CafNHjjj 
and 2a58 per cent NaNH,. This substance, of a>ui:^, should have a high manurial value.- 

The German Patent, 164,726, directs the electrolysis of the effluent after-mixture with concentrated 
brine. Owing, however, to the precipitation of Ume in the pores of this diapraghm this was not 
Successful. 

Finlay (English Patent 16,853, D.R.P. 2i6,265y, in order to recover ammonia and 
chlorine, submits the ammonium chloride formed in the process to electrolysis, more sodium 
chloride being added if required. Loss of nilrr^cn, and in consequence of ammonia, during the 
operatirm, however, renders this fwocess impracticable. 

Oemm (English Patent 16,470, 1913) treats the ammoniacal mother liquors with an electrolysed 
solution of brine in order to expel the ammonia. The caustic soda reacts, of course, with the 
ammonium chloride to regenerate sale. This resulting solution is again electrolysed and used as before. 
Only a very low concentration of hydroxyl ions is aimed at during electrolysis in order that the 
current efficiency may be high. 

The patentee claims that in this way a perfect process is obtained, and loss of sodium chloqde is 
avoided. It is indeed impossible to conceive how such an extraordinary claim can be justified. It 
must be at once apparent that the utilisation of sodium chloride in the process is determined 
entirely by the carbonating operation, and can be in no way dependent on the distillation of the 
mother liouors. In such a process as that aimed at in this patent, after the dLstillatiun of a certaia 
unount of mother liquor, the resulting effluent is again electrolysed, and used for ihe treatment of a 
further quantity of the mother liquor, with the result that the amount of liquor in circulation through 
the ammonia stills will increase indefinitely, and in a plant producing 1,000 tons of soda ash per 
week the amount of liquor thus circulating at the end of the first week would be in the region of 
seven million litres. It is, of course, quite impossible to carry out aT process of this nature. 

It would appear that what is in the mind of the patentee must in reality the regeneration of 
the sodium thloridc by distillation of the mother liquors with clcclrulysed brine, and the subsequent 
treatment of this sodium chloride again in the absorber and carbonating plant (although im 
indication of such a claim appears in the patent). . 

It must, however, be remembered that the reaction— 

NH, + NaOH = Naa-+ UjO + NH, 

leads to a dilution of the sodium chloride, so that the solution of salt obtained will not be saturated. 
Farther, it would be necessary to produce by electrolysis such a quantity of caustic soda and 
chlorine as would be equivalent to the whole of the sodium carbonate produced, with the consequence 
that a much more direct and economical process for the preparation of sodium carbonate would be 
to carbonate the caustic alkali durii^ electrolysis as in the Hargreaves Bird cell. 

It is unnecessary to point out further d^e^ in such a patent as applied to the ammonia soda 
industry, althoi^ ^ey tre many. 

By-Products of the Ammonia Soda Process.— Although it has often been 
pointed out that the fongevity of the Leblanc process has been due to the recovery 
of by-products, and that in this respect it has an advantage over the ammonia soda 
process, yet in reality this advantage is not very great, for while the Leblanc 
process can p<^t to bleaching powder, sulphur, and hydrochloric acid, the Solvay 
process can point to chloride of ammonia, carbemate of ammonia, Uquid ammonii^ 
and calcium chloride. 

The outstanding defect m the ammonia soda process is the fact that practically 
the whole of the chlorine or^nally present in the brine is ran to waste asoddum 
diloride. A small quantity of this material is recovered and used fm dust-laying, 
lefiigeTatiDg, and other purposes. 
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By means of this calcium chloride Messis Brunner, Mond, &.Co. prepare'metalUc zinc. 

Calamine suspended in a solution of calcium chloride is treated with a current of carbon dioxide 
when the followii^ reactions take place : — 

CaClii + ZnO + COa = CaCO^ + ZnClg, 

CaCla + ZdCOj = + CaCOg. 

The zinc is sul«equently recovered from the chloride by el^trolysis. Difficulties were at first 
experienced in obtaining a coherent deposit of rinc, but these have now been overcome. 

Numerous attempts have been made in various directions to recover the chlorine present in the 
calcium chloride as such, but so fiir no economical method has been found. 

Soda Crystals.— A large amount of sodium carbonate finds its way intoj 
commerce as the decahydrate (NaCOj.roHjO) and is known as soda crystals or 
washing soda. It is very largely-used where a mild form of alkali is required. 

Soda ash, produced by the ammonia soda process, is dissolved with the aid of 
steam and a mechanical agitator in a mild steel vessel ; a small quantity of salt 
cake is also added to harden the crystals. The solution is made of such a 
strength that it has a specific gravity of about i.2-i,3 at ioo“ C. It is then 
passed into settling tanks, where the liquor is treated with bleaching powder in 
order to oxidise any organic matter thgt may be present and so decolorise the 
solution. Also in this way any iron present will be converted into the ferric state. 
Subsequently milk of lime is added, and any iron precipitated. At the same time 
the calcium carbonate produced, in falling to the bottom of the settling vat, catties 
with it other suspended matter of lower density. After standing for several hours 
the cleat liquor is syphoned off into large mild steel semicircular crystallising pans, 
which usually hold from 8-io tons of soda crystals. Flat bars are placed on the 
top of the pan and lie in the liquor in order that the crystals forming on the surface 
of., the solution may be supported. The process of crystallisation usually takes 
about seven days in the winter and ten days in the summer. At the end of this 
time the mother liquor is allowed to drain away, and the crystals are crushed and 
subsequently treated in a hydro-extractor. The finest crystals are those formed 
on the surface of the liquor. 

A very large amount of space is required for the production of soda crystals, owing to the length 
of time which the liquor must remain in the crystallising psins. In conseiiuence a large number 
of patents have been taken opt to expedite the process of cooling by using artificial means. Cf^. 
Mactear (English Patent 10,651, 1884), Dekhcr (English Patent 24,978, 1898), Kunstner (English 
Patent 5,808, 1900). In this way, however, only small crystals are obtained, and although in this 
ibrm the product is equally well, in fact belter, suited for the purposes to which soda crystals 
are pul, doubtless owing to prejudice on the part of the consumer, it is not widely used in this 
country. On the Continent, however, considerable quantities are produced. 

Crystal Carbonate. — When a hot solution of sodium carbonate is allowed 
to evaporate, litre crystals, having the composition Na^COgHjO, are deposffed. 
This monohydrated carbonate of sodium is placed on the market under the name 
of “Ciyst^ carbonate.” It contains 81.5 per cent. NUjCOj, 17.73 pw 
H, 0 , as compared with the decahydrate, which contains 36.7 per cent. NajCOjand 
62.86 per cent of HjO. The dissolution of the monohydrate in waterresults in 
the evolution of heat, whilst in the case of the decahydrate the action is endo- 
thermic. 

At about 300° C. ordinary soda crystals dissolve in their water of crystallisation, whereas the 
monohydrate does not melt below a red heat, with the consequence that crystal carbonate finds 
application in tropical countiiea Further, for export purposes especially, the lower cost of 
carriage per unit of alkali is of course an advantage. 

Bicarbonate of Soda.— The sodium bicarbonate produced in the ammonia 
soda process contains a small quantity of ammonia which renders it unfit for many 
of the purposes to which the pure product is put. In order to produce the refined 
article the ammonia may be exjrelled from the crade product by a prelitninary 
roasting operation. A large quantity of carbon dioxide is, however, lost in this way 
-'and it will in consequence be necessary to recarbonate the product so obtained 
after difisolution in water (C. F. Brock and Hawlickek, English Patent 8,314, 1896). 
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The bicarbonate of soda which separates out is hltered in the usual way and 
' most of the moisture removed in a hydro extractor ; finally in a curcent of hot air 
or COg (C. F. Jarmay, English Patent 3,889, 1893). The product is dried, then 
subsequently ground to an impalpable powder. 

The expulsion of the ammonia from the crude bicarbonate of soda may also 
be effected whilst it is in solution or suspension by means of steam ; recarbonation 
of the resulting liquors will, however, be necessary (C. F. Solvay, English Patent 
t73, 1888; Jarmay, English Patent 23,890, 1893). 

Amongst other methods for the preparation of pure bicarbonate of soda may be mentioned that 
patented by Mond and Jarmay (English Patent 2,996, 1S84), who direct the dissolution of the crude 
salt in water at 65“ C. After filtration and cooling, pure bicarbonate of soda separates out, leaving 
all ammonium salts in solution. 

Concentrated Crystal Soda, Sodium Sesquicarbonate (Watts and 
Richards, English Patent 13,001, 1886). — ^This substance (Na^COgNaHCOjaHjO) 
is prepared by allowing a solution containing suitable proportions of the normal 
and acid carbonates of sodium to crystallise above 35°. It finds application in 
wool washing and possesses the advantages of being neither efflorescent nor 
deliquescent. 
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SECTION XXVIII 


THE STASSFURT INDUSTRY 

Bv Frank Milsom, B.Sc. (Lend.) 

Technological Chemist 


LITERATURE 

Dammar. — “ Chemische Teclmolc^ie.” 

“ Chemische Technologic der Neuzeit.” 

OsT. — “Chemische Technologic.” 

Thorpe. — “ Dictionary of Chemistry.” 


The Stassfurt Industry 

The Stassfurt deposits were discovered in the year 1839, and have proved of vast 
importance technically as the source of a large quantity of the potassium salts. of 
commerce, besides magnesium and sodium salts. 

The following minerals are found : — 


Mineral. 

Rock salt - 
Anhydrite - 
Polyhalite - 
Kieserite - 
Carnallite - 
Boracite (Cryst.) 
Douglasite- 


Formula. 

NaCl 

CaS04 

K,SO,.MgSOj.2CaSOj.2HjO 

MgS 0 ,.H ,,0 

KCl.MgCl2.6H2O 

sMgjBjOis.MgClo 

2KCl.FeC)2.2H20 


These are the originally deposited minerals. By their decomposition the 
minerals given below are formed and are accordingly found in the deposits. 


Mineral. 

Sylvin 

Kainite 

Schonite - - _ 

Tachhydrite 
Bischofite - 
* Krugite 

Reichardtite (Epsom salts) 
' Olauberite 
Astrakanite • - 
t Pinnoite - 
Hydroboracite 


Formula. 

KCl 

K.,S0,.MgS0,.MgCl2.6H20 

K2S0j.MgS0,.6H,0 

CaCl2.2Mga2.i2H20 

MgClj.6H.O 

K2S0^.MgS04.4CaS04. aHp 
MgS04.7H20 

Na2S04.CaS04 

Na2SO4.MgSO4.4HjO 

MgB 204 . 3 Hj 0 

CaBj 04 MgB. 2046 Hj 0 


Gypsum (CaSOj.aHjO) is also found in the upper strata. 

From the first discovery of them the nature and imposition of the deposits has aroused great 
interest. Great numbers of experiments have been done with a view to determining the origin 
of the deposits. The question is a very complicated one, and much valuable work was done on it 


1 These minerals are decomposed by water. 
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byvan’t Hoff. lti»n only be r^rr^ to vefy brie% here, as the question i$ one of pure cbemisti^ 
tather than of great 'tecfanicel itapculaiice. It has found that pressure and temperature haYe 
a great influence upon the salts deposited from a mixture.. / - . 

For example, from a solution saturated with sodium (foloride at .25" C., and dso ctmtuning 
magnesium chloride, potassium sulphate, magoe^um sulphate, and potas»um chloride, the following 
^obtained:— 


Name. ,, 

Rock salt 
Sylvin - 
(>malUte 

Magnesium sulphate - 

Magneaum chloride • 

Schdnile * - • • 

Glaserite 

Magnesium sulphate * 

>> >» ■ ' 

Sodium sulphate 
Astrakanite * - ' • 


Formula. 

NaQ 

Kci 

KCI.MgCV6HjO 


.eiljO 

K,N.(SO,)s 

MgSO^HjO 

MgS0.4H20 

Na^O, 

Nii^ 04 .MgS 044 H 20 


MgSO.-bHjO 
MgS04.?Hj0 
MgCLSHjO 
K,SOi.MgSO 


By varying the temperature and pressure can be obtained also— 


Kieserite ....... MgSO^-HgO 

Kainite - - - - - - - KeSO4.MgSOi.MgCla.6H5O 

With this brief general survey of the deposits we can pass to a mote detailed awonnt of the 
various salts. 


Caraallite (MgCl2.KCI-6HjO).— Carnallite or potassium magnesium chloride is 
the mineral from which mo.st of the potassium chloride of commerce is obtained. 
It^s of a red colour, due, according to Ruff, to anhydrous ferric oxide. Sp. gr., 1.6 ; 
hardness, i (Moh.) ; greasy, shining lustre ; colour, white, pink, or red ; gives a 
conchoidal fracture ; intumesces when heated ; easily soluble in water. 

Camallite contains a minimum of 9 per cent, potassium chloride, which is obtained 
from it in the following manner : — 

By dissolving the crude salt in the hot mother liquors {vide infra) and allowing 
to crystallise, a product containing 80-85 per cent, potassium chloride is obtained. 

' This method of manufacture is still much used. 

Several other methods of treating the camallite are also in operation (see 
Potassium Salts). 

By the electrolysis of fused camallite metallic magnesium is obtained. 

Kainite (K2SO4.MgSOj.MgClj.6HjO).— Kainite is sold under a guarantee as 
containing 12.4 per cent, potassium oxide. Sp. gr., 2.13; hardness, 2 (Moh.); 
vitreous lustre ; colourless, grey, or yellow crystals ; soluble in water. 

It is used as a source of potassium sulphate, which is prepared from it by the 
method of Precht, which consists in heating the mineral with a saturated solution 
of potassium magnesium sulphate and sodium chloride under a pressure of 2-4 
atmospheres. The double salt (K^Oj.zMgSOj.HjO). separate* and is filtered off 
and washed. By this washing, i molecule of. magnesium sulphate is removed, 
and the residue (KjSOj.MgSOj) comes into the market as potassium magnesium 
sulphate. By treating these with potassium chloride, potassium sulphate can be 
obtained. 

Another method of separating the potassinm as potasanm sulphate, or as potasaiam sodium 
sulphate, con^ in the use of ammonia, whereby the magnesiam is semratra as the doable 
ammoninm chloride. Enough ammonia is first led in to combine sridi hmf the msgnesium, the 
■nagnesium hydrates are filtered off and the filtrate saturated with ammonia. The magnesinm now 
remains in the solution as the double salt, and the potassium sulphate separates. 

Magnesinm chloride is oblamed from the mother liquors of the above salts. These contain 
28-29 per cent magnesinin chloride with about 0.3 per cent m^esittm bromide. This latter is 
separated and used for the 'preparation of bromine. 

The lionon ace concentrated to a specific gravity of 1.388-1, 4 u>, and on cooling thii 
MgCI^H^ oystalliiea out (see Magnesium Salta). . 

IQewrite (MgS04.H,0).— Sp.^., ; hardness, 3; vitreous lustre ; white, 

y^ow, or grey ciytms', «*% fgsibtej soluble Kieserite is used tp 
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the source of Epsom salts, or magnesivHn sulphate heptahydrate. This is obtained 
by long boiling of the kieserite yith water. 

Glauber Salt.— This salt, well known for its medicinal properties, is obtained 
at Stassfurt by working up residues from the cainallite (see table). 

These have the following composition : — 

NaCl ' - - - 45-55 “"t- 

KCl ■ - - 3-5 .. 

MgCI.2 - • - * ■ ' - 3*4 »« 

MgSO^ - _ - . . - - - - 25-30 » 

CaS 04 and insoluble matter - - • * 7-9 »• 

Water - • • - • -n - - j-io 

These are allowed to stand some time in the air. and are then dissolved to make 



Flo. I.— Stassfurt Sak Deposits. 


a solution of speciHc gravity 1.268-1.29 at 33” C., which contains about 150 kg. 
magnesium sulphate per cubic metre. This solution is allowed to spontaneously 
evaporate in flat crystallising pans. 

Glauber salt is formed according to the equation 

MgSO, -t- 2NaCl = -I- MgCl^. 

The crude crystals are drained and recrystallised, and dried at 25 -30 C. 
Boracite-The following minerals are classed together under the name of 
Borayite 


Boracite • 
Hydroboracile 
IHonoite ■ 


- 2MgjB50jj-4MgClai 

- CaMgBA-fiHaO 

- MgBjO,.3HjO 


These are found in lumps in the*deposits of carnallite and kainite. They are 
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sparingly soluble in water and can be obtained by washing out the more soluble 
portions of these salts. 

The percentage of Boracite is from .0112 .045. 

The residue from the working up of carnallite, etc., contains about 15 per 
cent, boracite. 

Boric Acid is obtained from these boron-containing minerals by precipitation 
with hydrochloric acid. 100 parts boracite require 150 parts hydrochloric acid 
and 300 parts water. From 100 parts boracite, 82-85 crystalline boric acid 
are obtained. 

The “end liquor” of the potassium salt manufacture contains much magnesium 
chloride, for the preparation of whjch see Magnesium Salts. 

A small amount of magnesium bromide is contained in the magnesium chloride. 

The end liquor contains from per cent. MgBrj. This corresponds 

to about 3.5 kg. bromide per cubic metre. The bromine is separated by treatment 
with chlorine as described under Bromine on p. 403. 


Treatment of Carnallite 

Crude carnallite heated with crude liquors. 


Residue, heated with 
new liquor. 


Soluble residue 
(NaCl, MgSOj. 


Pressed yvith water 

I 

I I 

Residue Kieserite 

(NaCl). slime. 


Residue 

(NaCl). 


Liquor used again 
for dissolving. 


dissolved and 
crystallised. 


I I 

Glauber salt. Liquor. 


Slime 

(Kieserite + NaCl). 


KCl L treated 
with more liquor. 


Muddy main liquor 
cleared. 


Cleared main liquor 
crystallised. 

1 

7 i 

First mother 
liquor evaporated 
and crystallised. 


KCl I. 
80-90 7o 


Liquor. 


1 


Artificial End liquor. 


"^carnallite. 

. 

" i . 

KCl II. Liquor used m 
90*98 Ve- dissolving crude 
-^carnallite. 


Kieserite. 


Glauber Liquor. Slime, 
salt 


KCl. 


End liquor. 


Statistics of Salt from 1898x0 1907 


Salt. 

■898. 

1899. 

1900. 

1901. 

* 1902. 

Potassium dib^e 

Magnesium ^Joride • 

Glauber alt .... 

Potai^m sulphate 
*'Mi^nesom^' - • 

Magnesiuin nlpbate • 

Alum ' . . . . 

Toos. 

19,819 

69,111 

18,8(3 

13.982 

30,295 

35.366 

4,069 

ToD!- 

207,506 

21,370 

79,062 

26,103 

9,765 

39.540 

37,693 

3,358 

Tons. 

27I.SI2 

19.397 

90.468 

30.853 

15,368 

^,591 

44,372 

4,355 

Tons. 

294,666 

21,018 

76,066 

37,394 

15,612 

46,714 

46,807 

4,145 

Tons. 

267,512 

19,658 

90,742 

28,278 

18,147 

39,262 

«,905 

4,108 

Total - > - . 

t 

382,842 

424,397 

524,916 

542,422 

515.612 
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Statistics of Salt from 1898 to 1907— continued. 


Salt. 

1903. 

1904. 

1905. 

1906. 

1907. 

Potassium chloride 

Magnesium chloride 

Glauber salt .... 

Potassium sulphate 
“Magnesium” . • . - 

Magnesium sulphate • 

Alum .... - 

Tods. 

280,248 

22,990 

83,087 

36.674 

23 .* 3 i 

37,844 

49.727 

3,934 

Tons. 

297,238 

25,730 

76,034 

43,959 

29,285 

39,312 

55 ,i 8 t 

3,550 

Tons. 

373,177 

29,017 

68,455 

47,994 

34,222 

58,568 

55.806 

4,270 

Tons. 

403,387 

38,468 

81,175 

54,490 

35,211 

42,041 

' 55.969 

4.494 

Tons. 

473,138 

32,891 

80,340 

60,292 

33,368 

41,105 

59,473 

4,200 

Total .... 

538,135 

571.389 

671,509 

715,235 

784,814 
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SECTION XXIX 

POTASSIUM SALTS 

» 

By Frank Milsom, B.Sc. (Lend.) 

Technological Ckeniisf 

LITERATURE 

“ The World’s Supply of Potash,” The Imperial Institute, London, 1915. 

The great commercial importance of potassium salts is so self-evident that it needs 
no comment. 

The chief of these salts are:-i-The chloride, sulphate, nitrate, car- 
bonate, bicarbonate, hydrate and chromate. 

Potassium salts of various kinds are found in many mineral deposits, the most notable of which 
are the Stasafurt deposits (f.C'.), and the various saltpetre beds of the world, chief among which 
are those of Ceylon. 

These mineral sources can be classed t«^ether as inorganic sources, but one great branch of the • 
potassium industry consists in the manufacture of potassium carbonate from vegetable or organic 
sources. 

The most important, perhaps, of all the various manufactures is the preparation 
of potassium chloride from the Stassfurt deposits. 

It is prepared from carnallite in the following manner 

The crude ore, containing usually aboitt i6 per cent. KCl, is first of all dissolved, 
usually in the “end liquor” (see table, p. 332), which itself contains 10-20 per 
cent, of magnesium chloride. This liquor is kept at boiling temperature 
(approximately 115° C.) during the solution. When the maximum amount of ore 
is dissolved, the hot liquor is run off from the insoluble kieserite and mud into 
clearing vats and is allowed to stand (still being kept hot) for an hour or two. If 
necessary the specific gravity of the solution is reduced to 1.28-1.30 before clarifying. 

The clarified liquor is then run off into crystallising vats, and allowed to cool 
fairly slowly. It is allowed to crystallise for two or three days. ^ 

Fig I shows the plant used in up the caroallite for KCI manufaclure. The raw 

carnallite is coarsely ground in the mill a, then transferred by the elevator b to the dissolving 
boiler <f, made of cast iron and fitletl with a perforated false bottom, on which the carnallite rests. 
The capacUytkf the boiler is usually \2 cub, nu It is fitted with steam-heating coils and a valve 
for running off the contents, also manholes, etc. The liquor used for lixiviaiion (usually the end 
liquor ”) U pumped from g (by the pump h) into the healing tank f, thence it flows into the boiler rf, 
where it is heated to about 115* C., the boiling being continued for some time until as much salt 
i» dissolved as possible, the crude carnallite being added gradually to the hot liquor. There 
remains behind a mud of kieserite, lamps of hard rock salt, etc. The hot solution flows away 
through the filtering lank e (where much of the mud is retained) into the clarifying tank / and, 
after clarifying, is run hot into iron crystallising tanks, where crystallisation of the KLl I. takes place. 

These crystals (potassium chloride 1 .) contain after drying 80-85 per cent. KCl. 

These are washed several times wklwwater or weak liquor, and finally attain a 
concentration of about 90 per cent. KCl. 

The mother liquor from the crystallisation of the KCl yields on further evapora- 
tion “artificial carnallite.” This is dissolved in the washing liquors and crystallised. 
Jt yields a potassium chloride of 90-98 per cent, purity after washing as before and 
drying. The final washit% liquors serve as a solvent for the crude carnallite. 
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The composition of the potassium chloride 1 . is approximately ; — 

KCl 8 s percent. 

NaCl 12 » 

MgCl2 ------ .05 

MgS 04 ■ ■ ■ ■ • .6 M 

Water* - • - - * 2.5 ,, 

Potassium chloride is also prepared from sylvine (KCl and NaCl) in the same 
, way as from camallite, and yields crystals of 92-94 per cent, purity, which after 
washing and drying are 98 per cent pure. 100 g. water dissolve 33.4 g. KCl at 
15° C., and 56.6 g. at 100° C. 



Various patents on these processes are : — 
D.R.P. 92,812 of 6tb August 1896. 
D.R.P. 98,344 of 13th November 1S96. 
D.R.P. 99,957 of 1st December 1S96. 
D.R.P. 102,075 of ’ 5 th October 1897. 
D.R.P. 129,864 of l6th April 1901. 
D.R.F. 128,999 of I4tb March 1901. 
And many oth^ 


D.R.P. 135,722 of I41h November 1899. 
D.R.P. 149,435 of 23rd February 1904. 
D.R.P. 166, js8 of ist June 1904. 
D.R.P. 132,474 of 18th June 1901. 
D.R.P. 206,410 of and October 1907. 
D.R.P. 207,^7 of 28th March 1907. 


Fig. I.— Camallite Plant for KCl Manufacture. 
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Potassium Sulphate (K^SO,) 

Kainite (K2SO4.MgSO4.MgCl3.6HjO) is chiefly used as the starting point in 
this manufacture. 

It is finely ground and macerated with water, and allowed to stand in the 
air for some time. It then separates into potassium magnesium sulphate and 
magnesium chloride liquor. 

In modern times, however, Precht’s method is followed, viz. : — 

The crude kainite is heated with a saturated solution of common salt and potassium magnesium 
sulphate under a pressure of 3.4 atmospheres. 

PrechPs double salt (K2SO4.2MgSO4.H2O) is thus formed. It is separated and dried at too" C., 
and is practically purp, after washing. 

(The mother liquor from this crystallisation contains ^Cl and MgClj and can be used in the 
working up ofcarnallite.) 

Crude kainite yields 30-40 per cent, of potassium magnesium stllpha^. 

The washing liquors on evaporation yield Schoenite, K2SO4.MgSO4.6H2O. 

Schoenite can also be prepared by the interaction of crude carnallite with 
kieserite. For this purpose the powdered carnallite is shaken with a hot saturated 
solution of kieserite. 

For the preparation of potassium Sulphate the potassium magnesium 
sulphate, prepared in either of the foregoing ways, is macerated with potassium 
chloride solution of 1.142 sp. gr. (18° Be.), or else the solution of the double salt 
is shaken with finely powdered dry potassium chloride — 

K 2 S 04 .MgS 04 -f 2KCI = MgClj H- 2K2SO4. 

The crystalline magma of potassium sulphate formed is purified by washing. It 
is of about 90 per cent, purity before drying and about 96 per cent, after drying. 
100 g. water dissolve 10.3 g. K2SO4 at 15° C., and 26.2 g. at 100” C. 

Potassium Carbonate (KjCOj) 

Potassium carbonate (KjCOj) crystallises anhydrous, too g. water dissolve 
no g. KjCOj at 51" C. and 156 g. at 100” C. It can be manufactured from the 
following sources ; — 

I. Mineral— 

(a) From potassium chloride and sulphate. 

(/ 3 ) From felspar and other naturally occurring potassium silicates. 

(a) (i) For the Leblanc process see p. 291. 

(ii) The ammonia process (p. 299) is not applicable owing to the 
solubility of potassium bicarbonate. 

, Ortlieb (D.R.P.’s, 5,706, 9,376, 13,397) used trimethylainine. The great .solubility of the hydro- 
chloride of this base admits of the separation of the potassium bicarbonate. This iagenious process 
was, however, given up after working for a short time. 

(hi) Precht’s magnesia process.— In this process, kiln gases are 
passed into a paste consisting of a solution saturated at 20" C. 
of potassium chloride mixed with trihydrated magnesium 
carbonate (MgCO^.HjO). The following reaction takes place 

3 (MgC 0 s- 3 H 2 O) + aKCl 1 COj = 2 (MgC 0 j.KHC 03 . 4 H 20 ) + MgClj. 

The double salt formed is washed free from chloride by a solution of magnesium 
carbonate, and is then heated under pressure at 140" C, when it suffers decomposition 
thus ;— 

2(MgC04.KHC02.4Hj0) = aMgCO, + KjCO, + 9H2O -r COj. 

For this process see D.R.P.’s, 55.182, 125,987, 143 . 594 . ISS.”?. I 72 . 3 t 3 and others; also 
R. Engel, D.R.P. iy,2l8, 

(P) Hart (U.S, Pat. 997,671) extracts the potash from siliceous minerals by 
fusing with barium sulphide, and extracting the potassium salt with acid. 

VOL. 1. — 23 



p i ^iiff>usmtAL chbmi^trV 

2. Vegetable- 

la) From wood ashes. 
iP) From beetroot molasses. 

(7) From kelp. 

(a) Potassium being a constituent of the ashes of plants, potassium' 
carbonate has been prepared from this source for a very long time. 

The following table gives the percentage of potash and ash in some common woods : — 



Pei Cent. Ash. 

Per Cent Potash. 

c 

Pine 

0-34 

0.045 

Beech , . . . 

0.58 

0.14S 

Ash 

1.21 

0.074 

Oak 

* 35 

O.KJ 

Willow .... 

2.W 

0.208 

Elm 

2-55 

0-390 

Vines .... 

3-40 

0-550 

Ferns .... 

3.64 

0.626 


In Canada most potash is made from elm, birch, larch, and maple. 

The wood is buried in pits dug in the earth and sheltered from the wind. 

The ash is collected, spread out in thin layers, sprinkled with water, and worked about until 
evei^* damp. 

The damp ash is then placed in casks provided with perfoiated double bottoms, which are 
covered with straw, and washed with water many times. 

The liquor containing from 20-25 per cent of salts is then evaporated, and the solid burnt 
white in a furnace to get rid of organic substances. The yield is about to pet cent, of the origiMl 
ashes. 


This “wood-potash” contains 50-80 per cent, potassium carbonate, 5-20 per 
cent, potassium sulphate, also «odium carbonate, potassium chloride and other 
salts. 

(fi) From Beet Sugar Molasses.— The extraction of potassium carbonate 
from beet molasses is quite an important bmnch of the potash industry. Germany 
manufactures about 15,000 tons yearly. This is manufactured from about 300,000 
tons of molasses. , 

In former times the sugar was got rid of by diluting the molasses, fermentmg, 
and distilling of the spirit. 

Nowadays, however, the following method is adopted. 

The molasses is neutralised with lime, and concentrated. When syrupy, it 
is placed on the bed of a reverberatory furnace and carbonised. The heat is 
carefully regulated, so that the mass does not fuse, os this renders the subsequent 
extraction with water difficult. 

The resulting solid is known in Germany as “Schlempekoble" or in France as 
“vinasse cinder.” 


The composition^ of this is as follows : — 


K^Oe 

Na^O| 

KCI 


KgSOa . 
InsotoDle matter 


30-35 per cent 

iS'SO 

»» -ni 

18-22 


6-8 


28-15 

tf 


84^ 314) runs Uw Ikiaor ai a ccmcentmtioti ci 40* B<. into iron retorts* 
i distiliate coosirts of methyl ddori^ ammonia, and otlitr 

soMBiB^oileSMrii^rUace. 

: llbe workB^ op is proceeded with as follows:--;' 

TU IS Immted, the Uqtwr bettgrro off whm H attains a eoBMtntmn of Tw* 
This n then eraporated to 74 *' 8 »* Tw* The hot liquid is. that i^wei to se^ Ibr two boat# 

r: : : r: — . y ..— . y .,, , ■ , '/ 4. 

^ For fMitbs aiM^seeM^i^]^ FiMM *V?alirc^'dtte,» 1893, 389. 
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daring which time potassium saTphate separates along with mud, etc. The cleat liquor is then 
drawn off and allowed to cool. Impure potassium chlor^e then crystallises. ' 

mother liquor is evaporat^ to i27‘‘-t42‘' Tw. and is slightly cooled, when more potassium 
ehlmide separates. On drawing off and cooling, a double chloride of potassium and st^ium 
(K9C0|.Na2C0|.i2H201 separates. 

This is filtered oft and dissolved in hot vwiter, the liquor bein^ then concentrated to 117° Tw. 
Monohydrated sodium carbonate (NagCO^.H^O) is separated by fishing. 

The mother liquor is boiled down with the former mother liquor from the double carbonate, and 
after settling is calcined. 

Its composition is 


KfiCOg • . - 

Na 2 C 03 - 
KCl - 
KaSO, - 

KgSiOa, K 2 HP 04 ,aad\, 
insoluble matter j 


• 80*84 cet't- 

8-10 ,, 

• 3-4 

• - 3-4 

0 . 6 - 2.2 , „ 


Potassium Bicarbonate (KHCOj) 

This is prepared by leading carbon dioxide into a saturated solution df 
potassium carbonate. The bicarbonate, being much less soluble than the 
carbonate, crystallises out. 

On the manufacturing scale, it is prepared by passing COj into a slightly 
moistened mixture of “ potash ” and charcoal. 

When all the carbonate is apparently changed into bicarbonate, the mixture 
is lixiviated with water at a temperature of 7o”-8o° C. — not higher, as this would 
decompose the bicarbonate~and the clear filtered liquor is evaporated to 
crystallisation. 


Potassium Chromate (KjCt 04 ) 

For the manufacture of this important potassiui!q,salt, chrome-iron ore (Cr^FeO,) 
is used as the starting point. 

It is mixed with potash and saltpetre and fused. The mixture is powdered, 
and the potassium chromate extracted with hot water, 

JacqueUin (D. Io6, 405 j 131, 136) strongly heats the chrome-iron ore with chalk, and decomposes 
the resulting calcium chromate with potassium sulphate. 

According to Massignon and Vatcl (BIl. 5, 37X ; D.R.P. Nr. 56,217), the powdered ore is 
mixed with chalk, the mixture treated with c^cium chloride solution to make a stiif paste, 
formed into blocks, dried and burnt in a furnace to decompose the CaCOg. 

The porous mass is allowed to stand in contact with air until oxidation is complete, then 
lixiviated, and the residual calcium chromate decomposed with potassium sulphate (or sodium 
sulphate, if sodium chromate is to be prepared). 

too g. water dissolve 62.9 g. KjCrOtat 20' C. and 79.1 g. at 10b’ C. 


Potassium Bichromate (KjCr^O,) 

Prepared by roasting finely powdered chtome-iron ore with the purest possible 
lime and potassium carbonate. 

The resulting mixture of calcium and potassium chromates is treated 
systematically with a solution of K,SO, or KjCO,. 

The liquor is mixed with sulfihutic add until of strongly acid reaction, and 
then evaporat^, when potassium bichromate crystallises out. too g. water dissolve 
13.1 g. K,Cr,Oj at 20' C. and 102 g. at 100’ C, 

Potassium Chlorate (KCIO,) i^epated as described in Section XXXVIII., 
.P-JSS- 
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SECTION XXX 

CALCIUM AND MAGNESIUM 
SALTS 


Bv Geoffrey Martin, D.Sc., Ph.D. 

CALCIUM SALTS, LIME, LIMESTONE, Etc. 

Lime.— Calcium oxide, CaO, is made by heating calcium carbonate— limestone, 
marble, etc. (see under Calcareous Cements, Vol. II. of this work). 

Properties.— White, porous, amorphous mass ; sp. gr. a.j-j.o. Very infusible, 
but melts in highest temperature of the O.H. flame, also in electric arc. Emits 
an intense light when heated. Takes up water from the air, and when moist 
rapidly absorbs COj as well. Much heat is evolved on adding water, owing 
to the formation of calcium hydroxide (q.v.). Anhydrous CaO,' however, only 
absorbs gaseous CO., at about 400° C. CaO is readily soluble in mineral acids, 
being a strong base. It reacts with alcohol to form calcium hydroxide and 
calcium ethylate at 125” C. in a sealed tube. 

Qualities and Uses of Lime. — The two main uses of lime are for building 
and for chemical manufacture. Technical lime varies very considerably in 
composition. 

For chemical manufacUire a lime as pure as possible is preferred, but for building purposes 
impure limes (sometimes approximating in composition to Portland cement) are preferred (see 
under Calcareous Cements, Vol. 11 , of this Work). • 

Slaked Lime, Calcium Hydroxide, Hydrate of Lime, Ca{OH)5 (see 
under Calcareous Cements, Vol. II. of this work). — Pure slaked lime is a white 
amorphous powder, sp. gr. 2.078, sparingly soluble in water; one part of CaO dis- 
solves at 0° C. in 759 of water, at 20“ in 791 of water, at 99° in 1,650 parts of 
water. At a red heat water is driven off and CaO regenerated. 

Calcium Carbonate, CaCO^.— For occurrence, etc., see under Calcareous 
Cements, Vol. II. of this work. 

Properties. — Pure water dissolves 18 mg. CaCOj per litre of water. Water 
containing CO.^ takes up much more owing to formation of calcium bicarbonate, 
CaCOj.H.^COj. One litre of water saturated with CO., dissolves 0.7 g. CaCOg 
at 0° C., and 0.88 g. at 10“ C. Water saturated with CO^ under pressure 
can take np 3 g. of CaCOj per litre. When the CO., is expelled by boiling, 
the CaCOj separates out ag.Tin, hence the furring of kettles, etc. (see under 

Water Softening, p. 172, «?•)• 

CaCOj when heated to redness decomposes to CaO and CO., (see above, 
under Lime). . „ ^ 

The tension of dissociation of the CaCO, is 27 mm. at 547 C., 46 mm. 
at 6iq“ C., 56 mm. at 625° C, 245 mm. at 740' C, 678 mm. at 810° C, 753, mm. 
at 812' C., 1,333 mm. at 865° C. The dissociation is aided by a current of 

steam or air. 

Heated in a closed vessel, CaCO, fuses and solidifies to a marble-like calcite. 

Calcium Chloride, CaClj, occurs as a by-product in the ammonia soda 
process, in the Weldon chlorine process, in the manufacture of potassium 
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chlorate, in the preparation of from CaCO, and HCl for mineral water 

manufacture, as a decomposition product of bleaching powder, and in making 
Bptassium nitrate from calcium nitrate. . * 

* ' Anhydrous CaClj is prepared by heating the hydrated salt, CaClj-bHjO, which 
is deposited on evaporating the solutions. Anhydrous CaCl^ is a white porous 
mass, which fuses at a red heat (755'- C.). The porous chloride obtained by 
drying the crystdis at 200“ is best for use as a desiccator, since haling in 
air to redness causes partial decomposition of calcium chloride, with formation of 
oxychloride. CaClj dissolves in alcohol (at 80° C., Too alcohol dissolves 60 of 
CaCy, and takes up NHj to form CaCySNHj. It is also very deliquescent and 
soluble in water. 


Temperature “ C. 

100 g. H,0 
Dissolve g. CaClg. 

I g. CaClj Needs 
for Solution g. H^O. 

0 

49.6 

2.016 

10 

6ao 

1.667 

20 

74.0 

1-35' 

30 

93 

'•075 

40 

no 

. 0.909 

te 

r29 

0.775 

So 

142 

0.704 

99 

154 

0.649 


Gerlach (Z. Analyt. Ck., 1887, 26, 413) gives the following B.P.’s for the 
solution of CaClj : — 


To 100 g. HjO 
g. CaCtj. 

B.P. ”C. 

To 100 g. HgO 
g, CaClj. 

B.P. 'C. 

6 

lOI 

178 

150 

21 

104 ' 

222 

160 

4' 

110 

268 

170 

69 

120 

292 

175 

101 

130 

305 

178 

137-5 

140 




The following gives the sp. gr. of solutions of CaClj : — 


g. CaClj in loo . 

6.97 . 

12.58 

*3-33 

36-33 

50-67 

62.90 

Sp, gr, ig.s’ (HjO at 19.5“ C. = 1) • 

1.0545 

1.0954 

1.1681 

1-2469 

1-3234 

1.3806 


Uses, —On smalt scale as a drying agent On targe scale it is never used in drying towers, as 
the regeneration of .fha CnCb is too costly. H,SOt is, therefore, used in drying towers. The 
soluUon is need, fnst<a4(^ brine, as a refrigeraU'ng liquid (see p. 79). 

It is i^ed 'ia a dast-Iayiag solution for roads. AuenpU to utiUse it for the prepualion 
of bydroMorio acid, chlotjiK, and bleacbing solutions proved uneconomicid. 

llie G^llschaft f. SticksMSdiii^er, D.K.P. 198,706 (1909), used OaClj for aiding the devetop- 
pent of NH, from cyanamidei^ . 

CaQj has been used for siding die biation of atmospheric nitrogen (sec p. 477}, but die pro- 
cess seems to have been given )p. . 

Calduffl suiphate, gypsum, and plaster of Paris are discussed on p. 345- 

Calrium.^irmde, CaCj, is discussra in VoL II, of this work. 

Calcarrinis cements, see VoL II. of this w^k. 
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Magnesium chloride. MgCIj, see pp. 330 and 366 
Magnesium oxide, MgO, see this VoluL, p. 366 

-"»ined with 

P y water into a basic carbonate of the composition ^MuO^ro ttUh 

p“^S7MSt,‘-4sS:*nSeiCr 
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SECTION XXXI 

THE GYPSUM INDUSTRY 

Bv James Shelton, F.I.C. 
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The mineral gypsum, wliich consists essentially of hydrated sulphate of lime, 
CaS04.2H,p, is extensively excavated as the raw material for that class of cements 
known as the plasters, A considerable amount of this mineral is consumed by 
the manufacturers of Portland cement, as it is common practice to add about 
2 per cent, of gypsum to their product to increase its time of set. In some localities 
gypsum is ground and sold under the name of land plaster, which is a particularly 
valuable soil dressing, as it neutralises any harmful alkalies such as “black alkali” 
(Na.,COs) and carbonate of magnesia. It also promotes the growth of legumiiious 
plants, favours nitrification in soils, and accelerates the decomposition of zeolites, 
making the potash available as a plant food. The consumption for agricultural 
purposes is decreasing, owing to the increased use of superphosphate which contains 
calcium sulphate. Gypsum, if scattered about stables on decaying manure, serves 
to fix the ammonia liberated by putrefaction thus : — 

(NH,)jCO, + CaSO^ = CaCOj + (NH^kSO,. 

Under trade names, such as “terra alba,” "annaline,” and “satinite,” a 
certain amount of the purer forms of gypsum is employed by pamt manu- 
facturers for admixture with pigments (see Martin’s “Industrial Cheinistry; 
Organic,” under “ Pigments ”). For this purpose it is finely ground with air 
separation, so that all passes a sieve with 74 meshes to the lineal inch, and about 
80 per cent, passes a sieve with 200 meshes per lineal inch. Gypsum is also used 
as a flux in smelting oxidised ores for matte, the sulphate being reduced m the 
furnace to sulphide, and this furnishes sulphur for combination with the metals 
and lime to slag off the siliceous gangue.^ 

1 “ The Behaviour of Calcium Sulphate at Elevated Temperatures with some Fluxes. Hofman 
and Mostwitsch, American Institute of Mining Engineers. 
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S? The follomng figures from “ The Miners) Industry ’’ show the disposal of the gypsum productit* 
of the United States for the year 1908 : — : ■ ■ ■ . 



Quantity in 
Short Tons. 

Value in $. 

Said Crude 



For Portland cement . . . , . 

„ paint material « ^ • •* 

„ plaster material 

As land plaster . . - . . 

For other purposes - - » . * 

1S7,68 o 

1,281 

29,516 

37,972 

7,484 

305.745 

1,300 

77,860 

91.833 

ii,6p 

Sold Cakined 



For dental plaster 

As plaster of Paris, wall plaster, etc. * 

To glass factories 

For Portland cement and other purposes - 

>74 

1,074,229 

14,412 

36,802 

636 

3,508,520 

4i,t02 

99.934 


'.389,550 

4,138,560 


The rock gypsum of the plaster mattufacturer is a soft mineral, easily scratched 
by the finger nail. Its specific gravity is 2 . 3 , and its colour, owing to natural 
impurities, varies from white to brown. It occurs in extensive beds, which are 
often interstratified with limestone and argillaceous rock. A deposit consisting 
of small grains of gypsum disseminated through an earthy mass is known as gypsite, 
and this is in some localities collected by ploughing or disc harrowing, and 
scraping, and used for the production of wall plasters. A deposit of pure gypsite 
powder as fine as flour occurs at Laromie, Wyoming, in a bed of an average thickness 
of 7 ft., which is covered by only a few inches of soil. Of rarer occurrences is a 
form of gypsum called alabaster, which is a fine-grained, semi-transparent stone, 
specially valuable for ornamental carvings. Crystals of gypsum, to which the 
name selenite is given because of their pearly lustre, are often found in beds of 
gypsum and clay. Calcium sulphate having no water of crystallisation, and 
consequently called anhydrite, sometimes occurs in rocky deposits, but these are 
of no use to the plaster manufacturer, and its presence depreciates the value of a 
gypsum bed. 

The hill of Montmaciie near Paris was the first large deposit of gypsum to be exploited, but 
DOW deposits of economic importance are found widely distributed throughout the world. Great 
Britain has gypsum beds in Nottinghamshire. Derby, Stalford, Cumberland, and Westmoreland. 

Gypsum occurs in most of the States of America, plaster mills being in operation on a large . 
scale in the States of New York, Ohio, Iowa, California, Michigan, Texas, Kansas and Oklahoma, 
In Canada, gypsum beds are of common occurrence especially in Nova Scotia, New Brunswick, 
British Columbia, Manitoba, and Ontario. The Harz Mountains are the seat of the plaster 
industry of Germany. Large deposits are found in Algeria, and beds of minor importance occur 
in Cyprus and in Switzerland. Deposits of the purest form of alabaster are found in Italy near 
Leghorn. 

The following ^res from “The Mineral Industry, 1911,” show the production of crude 
gypsum in the prinapal countries of the world during the year 1910 : — 


. ■* :: ■' 

1909, 

1910, 

I9II. 

United States - - 

.France 

Canada 

United Kingdom 

Baden and Bavaria • 

^geria . ' . 

India 

Greece 

Metric Tons. 

3,042,286 

1,655,672 

3^,290 

242.832 

88, 2$! 
36,250. 

I9I 

Metric TonSi 

2,158,756 

I, ^,804 
481,941 
259-648 

60,625 

6,678 

249 

Mctiic Tons. 

2,018,770 

458,652 
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■' The value of a gypsum deposit depends on its purity, location with regard to 
mwkets for gypsum p^.plaster, and the ease with which the deposit can be 
worked. The relatively pure deposits averaging 98 per cent, gypsum are utilised 
either for the manufacture of plaster of Paris, and hard finish plasters, or are sold 
to the Portland cement manufacturers. The pottery and plate glkss trades are 
the largest consumers of plaster of Paris, so these manufacturing centres provide 
the best outlet for the product of the plaster mill 

All densely populated areas provide a market for plaster of Paris and wall plasters but, as with ^ 
alt builders' materials, the demand is liable to fluctuate. With regard to location it must be 
remembered that the finished product is heavy, so that cost of carriage is an important con. 
sideration. Deposits of rock gypsum are opened out by quarrying, and then if the overburden to 
be removed is lArge in proportion to the thickness of the deposit, the working is continued by 
mining. In this connection it may be remarked that the cost of mining is roughly double that of 
quarrying, (iypsum fetches 6s. to los. per ton in England, and the average price in New York 
is about dollars per ton.. 


The preparation of plasters is simply a process of dehydration of gypsum by 
heat, and is fully described under “Calcareous Ovens” (see Vol. II. of this work). 
Plaster of Paris is the name given to the hemihydrate (CaS04)2H20, wMch 
is produced by heating the purer forms of gypsum at a temperature of about 190° C. 
A temperature of 107” C. is all that is really necessary for producing the hemi- 
hydtate, but it is found to be more economical in fuel and time to remove the 
water at the highest allowable temperature. 

Plaster of Paris owes much of its utility to the fact that when mixed with a third of its weight 
of water it takes under ten minutes to form a solid mass of interlocking acicular crystals of hydrated 
sulphate of lime, CaSO^aHjO. The preparation and setting ol plaster of Paris is well expressed by 

the equation 2CaSO,.aHjO ^ ^ (CaSOjbiljO+dHjO. 

Wall plasters are manufactured by heating the less pure forms of gypsum at a 
temperature somewhat above 200° C. 


They take about two hours to set, but this period is still further increased by the addition of 
colloidal substances to the calcined gypsum before it is put on the market for the preparation of wall 
plasters. It is suggested by Grimsley that colloids, retard the process of crystallisation by keepirig 
the molecules apart. In this connection it is interesting to note the use of colloidal bodies in 
boiler compositions. The hard scale formed on boilers using sea water is a crystalline deposit of 
hydrated sulphate of lime, and the introduction of colloidal bodies into the boiler hinders this 
crystallisation, causing the sulphate of lime to be deposited as a soft scale which is easily removable. 

Above 20o’ C. the hemihydrate gradually loses its water, and is converted 
into an anhydrous pibduct which sets slowly with water, and is known as soluble 
anhydrite. 


As the temperature is raised so the time of set is lengthened, thus between 400“ and 750" G. a product 
is ohUined which has hardly any setting properties (Glasenapp, . T winJ. Zetf., 1908, 3a. PP- 
1148.1152, 1197-1202, 1230-1235). It is stated by Wilder (*‘ Iowa Geological Survey,” 12, igo2, p, 
221) that 500^ C. is the temperature at which the flooring plaster known as estrichgiips is calcined. 
Experiments conducted by Beyer and Williams (Aw. rrV.) showed that the plasters obtained by 
hetlting at 45o''-50o’' C. for periods of one to four hours set with water, and at the end of thirty- 
nine days briquettes gave a tensile strength of 290 lbs. per square inch. The samples heated at 
this temperature for a longer period than four hours showed little tendeucy to set. Glasenapp 
gives 750° C. as the temperature at which flooring plaster begins to form, and states that 900” C. to 
I 000“ C. is the usual temperature at which flooring plaster is burnt, and that when heated above this 
temperature the content of basic sulphate increases, but the material does not lose its power to set. 
He thus diflers from Van't Hot! and Just (“ SiUungsberichte der kgl. prenss. Akad, derWissen- 
schaften ” 1903, B. i., pp. 249-258), who found no evidence in suppoit of the statement that alter 
“dead burning" a plaster, further heating to high temperalnres confers setting properties on the 
material As, however, Glasenapp also contradicts the statement that flooring plaster occure m 
needle-shaped crystals resembling the dihydrate, and states that estrichgiiB sets with water without 
-alteration of form, apart from the production of small quantities of the dihydrate and of calcium 
hydroxide, it U quite possible that two forms of estrichgips are manufactured. 


When dehydrated gypsum has been treated with a solution of some catalyst 
such as alum, or borax, it can be reburnt at a red heat without in any way losing 
its setting properties. 
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Hard 6nish plasters are. prepared in this manner, and they set slowly with water to a hard mass 
of crystals of the dehydrate. 

When plaster of Paris is shaken for a few minutes with excess of water, and 
the insoluble matter rapidly filtered off, the <lear solution on allowing to stand 
soon becomes cloudy owing to the deposition of crystals of gypsum (Marignac, 
Arch. Set. Phys. Nai.^ 1873, 48, p. 120). 

This simple experiment shows that the setting of plaster of Paris is simply a process of dis- 
solving the hemihydrate to form a soluoon, which, fising supersaturated with regard to the dihydrate, 
deposits this substance in interlacing groups of crystals. The water added dissolves hemihydrate. 
This solution being supersaturated with r^rd to dibydrate deposits crystals of the latter substance. 
The solution is now free to dissolve more hemihydrate, and this process goes on unjil the conversion 
to dihydrate is complete, and thus, by tbehse of a small quantity of water, a compact mass is made. 
This reaction goes on more ;slowly with the hard finish plasters, but the process of reaction is 
exactly the same. Van’t HolT states that flooring plasters set in the same manner, but Glasenapp 
says that flooring plasters set without change of form. * 

The manufacture of Plasters is discussed in detail in Vol. 11. of this work, 
un^er Calcareous Cements. 

Analysis. — The ordinary chemical examination of plasters consists in the determination of the 
amounts of lirue, magnesia, iron and alumina, silica, sulphate, carbonate, sulphide (if any), and 
water. The percentage of water present is certainly an indication of the extent of dehydration, 
but it does not show if this dehydration was carried out uniformly. The following experiments 
recommended by Frey {Tonind. Zeii., 33, pp, 1229, 1230) may therefore be of use 

To determine the soluble anhydrite, 5 g. of the plater are allowed to stand over water for 
seven da) s, whereby the soluble anhydrite is converted into hemihydrate— 

aCaSO, + up - (CaSO,).dIaO. 

The increase in weight, after drying the sample to constant weight at 70® C., when multiplied by 
272/18, gives the weight of soluble anhydrite. 5 g. of the sample dried at 60' C. are made into a 
thin paste with water, which after half an hour is evaporated at 70® C. The increase of weight is 
due to conversion of hemihydrate and soluble anhydrite to tlie dihydrate. Tlie gain in weight of 
the soluble anhydrite is given by multiplying the amount present by 36/136. Subtraction then 
gives (he gain in weight of the hemihydrate, and this gain mulliptied by 290/54 gives the amount 
of hemihydrate present. 

DeternunatiOQ of Flooring Plaster.— For this estimation Frey recommends repealing the 
above experiment, but leaving the paste in moist air for seven days instead of half an hour before 
drying to constant weight at 70® C. After subtraclii^ the gain in weight found in the previous 
experiment, the remainder multiplied by 136/36 he calls (he weight of flooring plaster present. 

f^jsical Te$ts are essential if one wishes to obtain a good idea of the value of a plaster. 
The German Plaster Standards Committee {Chem. Zeit.^ 191 1, 35, p. 222} recommend the follow- 
ing delerminalions 

. Fineness— by estimating the residue not passing a sieve with 900 holes to the square inch. 

“Gauge”— the amount of pla.sler required to make a good slip with too c.c. of water. This 
is determined by slowly adding plaster to too c,c. of water contained it! a weighed beaker. The 
addition o( plaster is stopped as soon as the plaster floats and the water mirror remains obscured 
for a few seconds. The Ireaker and contents are then weigheil. 

“Slip.” — The sample gatiged with the proper amount of water as found in the previous 
experiment is poured on to a glass plate in pats 6 mm. deep and alwut 1 1 mm. in diameter. The lime 
of slip is the time that elapses between the gauging of the plaster, and the lime when the plaster 
sets to such a condition that a knife with an edge of 2 mm. fails to cut its way through the pats. 

“ Settings Time.” — Pieces are cut off the above pals at intervals of a minute, until the plaster 
'is shown to be set by its friable and granular condition. 

Tensile Strength. — ^This is estimated on hriaoettes of the ordinary shape, 5 sq. cm in cross 
section, which are broken in a macliine similar to that used for Portland cement (which see). 

In addition to these tests the following determinations may be useful 

Spcdfic Gravity. — Performed as with Portland cement, using a liquid such as kcrosine or 
turpentine. 

Apparent Specific Gravily.— -The weight of plaster required to loosely fill a cubic foot measure 
is found as with Portland cement. 

Trial pats should be made on a glass plate and examined. If a straight scratch is made with 
a knife on underside of the pat the plaster should break along this scratch like glass cut with a 
diamond. 

The tensile strength of the plaster mixed with three parts of standard Leighton Buzzard sand 
gives an indksuion of the adhesive power of the plaster. 

Several sieves should be used to obtain an accurate estimate of the fineness. 

Determinations of crushing strength of the plaster neat and with standard sand arc sometimes 
made. A measure of the contnudion on setting might sometimes be useful. 
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The results of series of tests of various American cement plasters, carried out by Professor 
Marston in 1900, are given in the annual report (“ Iowa Geological Survey,” 12 , p. 162). 

For the results of experiments on the compressive strength of plasters, both neat and mixed 
with sand, see “Tenth Annual Report,” Wyoming College of Agriculture and Mechanics. 

Uses. — The best quality plaster of Paris is used by the plate glass and 
pottery manufacturers. The former use it as an adhesive to fix the sheet glass 
on the polishing beds, and frequently calcine the once used plaster, and use it 
a second time. The tatter use plaster for moulds, and these losing their sharp 
outlines with use frequently have to be renewed. 

A good quality of plaster of Paris is used in internal decorations for mouldings, 
ceilings, and plaster casts. For these purposes it is often toughened by the 
addition of tow, and this mixture is known as “«taff.” 

Less pure is the product employed for wall plasters. The plaster comes from 
the manufacturer mixed with retarder, and hair, or wood fibre. Near the building 
centre clay or dried sand is added, and the mixture is then applied to walls on 
a foundation of either lath or on wire netting. Gypsum boards used tor partitions 
are prepared by pouring a mixture of calcined plaster, sawdust, and water on to 
an iron slab on which jute and rushes are strewn. Fire-proof slabs are made with 
asbestos and calcined plaster. Small amounts of plaster are used for the 
preparation of imitation marble and chalcedony. 
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BARIUM SALTS 

By Frank E. Milsom, B.Sc. 


Barium is a metal of the alkaline earth series, occurring next to strontium. It has 
the atomic weight, 137.4. " 

The compounds generally resemble those of its congeners, calcium and strontium; 
for example, it forms an insoluble sulphate, soluble chloride, etc. It imparts a flhe 
grass.green colour to the Bunsen flame. 

Barium occurs native as the carbonate, BaSO,, “ witherite,” and the 
sulphate, BaS04, “heavy spar” or “barytes.” Both the names of the sulphate 
are in allusion to the great density of the mineral This is 4.5, whereas that of 
most other non-metallic minerals is about 2.5. 

It crystallises in rhombic forms, isomorphous with anhydrite and celestine. Its 
great insolubility renders it extremely useful for the detection of both “Ba” and 
“ SO/ ions in solution, 

“Witherite" crystallises in forms of the rhombic system, and is isomorphous 
with aragonite and strontianite. 


Barium salts generally crystallise well, and for this purpose are used in organic analysis of acids, 
the barium salt being evaporated and ignited with sulphuric acid, and the residue of barium 
sulphate weighed. 

The green coloration which barium salts impart to flame is utilised in pyrotechny. 


Barium Chloride, BaCl2.2H20. — Barium chloride is one of the most im- 
portant of the barium salts. It is a colourless compound, and crystallises with two 
molecules of water of crystallisation, which it loses only at a fairly high temperature. 
Unlike the chlorides of calcium and strontium, barium chloride keeps its neutral 
reaction on dehydration. 

It is manufactured chiefly from heavy spar. Two methods are commonly used: — 
I. Finely powdered heavy- spar is mixed with coal and strongly heated in a 
furnace. Decomposition occurs according to the equation : — 

BuSOj + 4C = BaS + 4CO. 


According to Mostowitsch (C.B., 1909, 183S) the reduction takes place 4 t 600', 
as follows 


BaSOf + 2C = BaS -t- aCOg, 


and at 800’ C. according to the fijst equation. 

2, Another method is the heating of a mixture of 100 parts BaSOj, 40 parts 
charcoal, 20 parts limestone, and 50 parts calcium chloride in a reverberator furnace. 
On cooling, the mass is lixiviated with water, which dissolves out the barium 
chloride. 

According to the D.R.P., 129,063, of 25th November 1900, barium chlorate can he prepared 
ftom Ih* dross obUuned in the manufacture of copper as follows. 

the miners, whidi consists of iron, calcium, and barium sulphides, is treated with magnesium 
i iSIbride sdution, obtained as a by-product in the manufacture of potassium chloride. By heating 
die mixture to 70" C. the following reaction occurs : — 

FeS + BaS + CaS + HgCI, -I- H/) « BaS + FeS + CaClj + HgO + H,S. 
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When the evolution of HjS ceases, a current of air is passed to displace the rest of the HgS, and 
the residue heated to ^“-700* C. The following reaction occurs 

FeS + BaS + CaClg + MgO = FeS + BaCl^ + CaS + MgQ. 

By lixiviation of the mass, barium chloride can be obtained. 

Heinz (D.R.P., 186,738, of 3rd January 1907) prepares it by the decomposition of barium 
sulphide with magnesium chloride under pressure in autoclaves. 

Barium Nitrate, Ba(N08)2.— -Barium nitrate is the salt of barium, most used 
in pyrotechnics (see Strontium). 

It crystaillises anhydrous. 

It is manufactured from witherite by dissolving the latter in nitric acid and 
crystallising. 

It is also prepared by the fractional crystallisation of a mixture of barium chloride and sodium 
nitrate. Barium nitrate being much less soluble than sodium chloride (100 parts water dissolve 
about 9 parts at t8® C), crystilises first. 

According to Schreiber (D. R, P., 153,498, of 1st June 1902), it can be prepared by evaporating 
in vacuo crude barium sulphide liquor, thereby obtaining a strong solution of barium sulphydrate, 
and decomposing this in the cold with a concentrated solution of alkali nitrate. Fractipnal crystal- 
lisation of the mixture yields barium nitrate. 

Hellmcrs (D.R.P., 204,476, of 7th December 1907) manufeclures it by the decomposition of 
barium oxalate or phosphate with crude saltpetre under pressure. 

Barium Oxide, BaO.— This, the lower oxide of the two commonly known 
oxides of barium, was used in the oxygen industry {vi'iie infra). 

It can be prepared as a porous solid by heating barium nitrate (P. Martin : 
D.R.P,, 1 28,300, of 30th December 1900) in a muffle furnace. 

Another method used on a large scale consists in heating witherite with lamp- 
black, and heating to 1200“ C. About 8 per cent, of lamp>-black is suitable (D.R.P., 
104,171, of 27th November 1898; 108,255, of i6th September 1898). 

Siemens & Co. (D.K.P., 158,950, of jist May 1905) prepare it by the reduciion of a mixture 
of barium carbonate of nitrate with carbon, by heating in an electric furnace to a white heat— 

BaCOa + BafNO,), + 2C = aBaO + aNO. + 3CO. 

Barium Hydrate.— By the addition of the calculated quantity of water to 
barium oxide, Ba(OH), is obtained. 

Barium hydrate, however, crystallises from its solutions similarly to strontium 
hydrate, with 8 molecules of water. 

It is manufactured by mixing barium nitrate solution with caustic soda solution of sp. gr, 1, 10-1.15, 
and crystallisii^. 

Commercial barium hydrate is made by igniting heavy spat with coal, and heating the resulting 
mixture first in a current of moist carbon dioxide, and then m a current of superheated steam. 

It has a great use in the detection and estimation of carbon dioxide, for example, in air. It is 
soluble about 4 parts in too of water at the ordinary temperature. 

Bariuin Peroxide, BaO^ — Barium peroxide is used both in the preparation 
of hydrogen peroxide and also of oxygen. 

It is prepared by heating barium oxide to dull redness in a stream of oxygen or 
air free from COg- 

To purify it a mixture with water is acidified with hydrochloric acid, the mixture filtered, arid a 
little bary-la added, the solution filtered again and excess of baryta added, whereby the pure 
peroxide is obtained. 

Barium peroxide can be obtained anhydrous, and also forms a crystalline hydrate. 

Brin’s oxygen process (now obsolete) consbts in passing a stream of air free from COj over barium 
oxide heated to 500**600® C. When oxidation is complete the pressure is reduced to 65 cm., when 
oxygta is evolved of 97-98 per cent, purity. 

Other Btruim Compounds.— Barium sulphide, BaS, is obtained by the ignition of heavy spar 
with carbon. With water it forms a mixture 01 hydrate and sulphydrate thus s — 

2BaS + 2H/) = Ba(SH)* + Ba(OH)a. 

It is used in the preparation of phospboreKent substances. For example, " Bolognian phos* 
ph^” is obtained by heating banum sulphate srith powdered carbon, finaUy Vith a blowpipe, 
ind leahi^ up hot. It phosphoresces in the dark with an orange light 
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STRONTIUM SALTS 

By Frank E. Milsom, B.Sc. 

Strontium occurs naturally as the carbonate, strontianite, SrCOj, and as 
sulphate, celestine, SrSO^. 

The carbonate crystallises in forms of the rhombic system, isomorphous with 
aragonite (one of the naturally occurring fotms of calcium carbonate). A fotm 
isomorphous with Iceland spar is not known. 

Celestine is so called from the fact that it is frequently found coloured blue 
by impurities. It also crystallises in forms of the rhombic system, and is isomor- 
phous with anhydrite (CaSO,, see “Stassfurt Deposits,” p. 329). 

Both these substances are used as taw products for the manufacture of other 
strontium compounds. 

Strontium is allied to barium and calcium, and comes in properties midway 
between them. Its atomic weight is 87.6. 

The fine red colour which strontium gives in the Bunsen flame is well known, 
and is made the basis of the use of strontium salts in pyrotechny. 

Metallic sttoniiam can be obtained by electrolysis of the fused chloride, and can also be got by 
the action of sodium amalgam orr a concentrated soluiion of the chloride. A strontium amalgam 
is thus formed, and by distilling off the mercury in a current of hydrogen, the metal can be 
otitained pure. 

Strontium Oxide, SrO. — This can be easily obtained from strontianite. 

The moist and finely powdered mineral is subjected to the action of superheated 
steam and is then ignited, when carbon dioxide is given off and the oxide formed. 

Strontium Hydroxide, Sr(0H)j.8H20.— This is similar in properties to 
baryta. It is readily soluble in hot, but sparingly (i in 50) in cold water. A 
solution is termed strontia water, and is quickly acted upon by atmospheric carbon 
dioxide, becoming cloudy. 

It is manufactured, according to Niewerlh (D.K.P., 251, igt), by the action of carbon on strontium 
sulphite. , ■ . 

Celestine is mixed with an equal weight of coal and brown iron ore, and the mixture roasted. 
After roasting is complete the mass is lixiviated with water. Ferrous sulphide and strontium 
hydroxide arc produced. 

Clans (D.R.P., 25,382) prepares it by the interaction of strontium chloride and barium hydrate 
and fractional crystallisation, or by the action of barium bydratc and strontium sulphide (Strontium 
sulphide is prepared by the reduction of strontium sulphate with carbon. ) 

Seplay (D. R. P. , 254 , 43*1 heats strontianite with superheated steam, as mentioned above. 

Lee Patterson’s process (English Patent, 16,989, 1S84) consists in blowing air heated to a tem- 
perature of 100° F. through a mixture of manganese dioxide and strontium sulphide. 

Trachsel gives the following detailed process , 

Celestine is crushed and mixed with coal in the ptopnrtion of 7 cwt. coa to 20 cwt. mineral. 
The mixture is then calcined. Steam is next blown through the mixture, until the resulting liquor 
has attained a density of 24" Tw. It is allowed to settle, and the still hot, cleat liquid treated m 
crystallising tanks with caustic soda, and allowed to c^stallUe. The mother liquors containing 
sodium sulphydrate are concentrated to yf Tw., and again crystallised. 

Strontium Dioxide, SrO.^.— This is similar in properties to oarium dioxide. 

Strontium Chloride, SrCl^ is prepared by strongly heating a mixture of 
strontium sulphate, calcium chloride, and carbon. 

VOL. I.— 2 .^ 
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The product Wsts of cdciam sulphM^ and strontium chloride,, and is 
crystallised from water, f 

It is similar in properties to barium chloride.^ ; . 

Strontium Nitrate, Sr(NO^^-rThis salt 

soluble in water ; it is used in pyrotechny (see below). 

AppUcations.-S.rontium compourtds have several im^^nt commercial appbcattons. of wh.ch 
the two chief are IheiF ■" Sir^Stmes with'^E"-^ These are easily decomposed by 
earamaSe‘'L"th-'.^"^^^^^^^ These ^cts are made use of in reBoing beet sugar 

red colour which they impart to fh™'?- • fWoratc or nitrate, sulphur, and charcoal.' 

. e O i^an 


Potassiunj chlorate 
Sulphur 
Charcoal 
StcoDtium nitrate 
Shellac 


i6 

5 

I 

i6 


8 pt& 
6 
1 
i6 


For red Bres an admixture wt.h magnesium Blings is made, the following being a formula : 

2 ptS. 


Potassium chlorate 

Sulphur 

Cbucoal 

Magnesium filings 
Strontium nitrate 


Fur mote rapidly burning fires, 
s added. Strontium carbonate is sometimes substituted. 


ium or maguesium peroxides 
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COMPOUNDS OF BORON 


Bv Frank E. Milsom, B.Sc. 

LITERATURE 

Thorpe's ** Dictionaty of Applied Chemistry.” 

Oammbr’s “Chetnische Technologic der Neuzeit.” 

“ British Pharmaceutical Codex,” etc. 

INTRODUCTION 

The earliest identification of boron salts was from the “soffioni” of Tuscany. 
These are hot springs from which steam containing a small amount of boric acid 
issues. By the condensation of this steam small marshes are formed which arc 
more or less impregnated with boric acid. 

Boric acid was first discovered in these “soffioni” in 1777, and the manufacture 
of boric acid was first commenced in 1815. 

By far the larger part of the boric acid and borax of commerce is to-day, how- 
ever, manufactured from mineral deposits. 

The chief of these minerals are 

Bororntrocakitt, now more commonly called Ultxite— 

Na.^B^O, -1- aCaBjOj -h iSH,©. 

Pankermik — CajBjOu.dHjO. 

Coltmanik — CajBjOn.jHjO. 

Of less importance are — , 

Boracik — jMgjBjOjj + MgCly 

Pinnaik — MgfBOjjyjHjO. 

Hydroboracik — CaMgBjOjj.fiHjO. 

Boric Acid.— Boric acid, as found in commerce, has the Jormula H3BO3 or 
B(OH),. It usually occurs in two forms, viz., in powder and crystals. Both the 
powder and the crystals have a soapy feeling, somewhat resembling “French chalk.” 
The crystals form characteristic scaly masses. ' . 

Boric acid has a great use in medicine as a mild antiseptic. 

It also is greatly used as a preservative, sometimes illegally. 

The process of extracting the boric from the “soffioni” is as follows The latter 
are surrounded by basins of stone, arranged in tiers. In these basins a dilute and 
very impure solution of boric acid collects. 

The contents of the basins are allowed to pass into settling pans, where most of 
the mud and debris is deposited. It is then drawn off into lead-lined evaporating 
p«M, about 20 ft. long by to ft broad. These are heated by means of the hot 
of the “soffioni,” which have no use otherwise. The liquid deposits much 
jiylMum in the course of evaporation, and this must be separated. 

' ^he cleat solution is then allowed to crystallise for twenty-four hours. The 
qry^ls are then drained and dried. 
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The boric acid thus obtained is very impure, and usually contains about 
75 8o per cent. HjBOj. 

One or two more crystallisations, however, render it pure. 

By far the larger quantity of boric acid, however, is made from the boron-con- 
taining minerals. 

Colemanite and Pondermite are found in large quantities in California in 
the “ Death Valley” and Mohare Desert, of which they form layers of 5-30 ft. 
in thickness, mixed with much earthy matter. 

The biggest company mining these deposits is the Borax Consolidated Co. 
Ltd. (The Pacific Coast Borax Co.). 

The ore, which contains 35 p8r cent or more of boric acid, is sent to Bayonne 
to be worked up; poorer ore is roasted on the spot, and siliceous matter and 
potassium carbonate separated. The concentrated material, containing 45 per cent, 
or mote boric acid, is sent to Bayonne. 2-4 tons of poor quality ore give one ton 
of toasted ore. 

, Several processes are adopted for the manufacture of the pure acid from the 
raw mineral. 

The one in most use consists in shaking the finely powdered ore in wooden vats 
with water, and leading in SO., until alt the boric acid is set free. The solution is 
then filtered and evaporated in the sun in wooden vats. The crystals of boric acid 
which separate from this solution are 90 per cent. pure. They can be further 
purified by recrystallisation. 

The preparation of boric acid from ulexite is carried on in Chile in a similar 
manner, using HCl or H^SO, in place of the SO.^. 

A newer process consists in the use of NaHSO,, which is a by-product in the 
manufacture of sodium nitrate. 

Lots of 500 kg. of the finely powdered calcium borate mineral are boiled with 
a -solution of 850 g. crude NaHSO, in a solution of 1 50° Be. for one hour. The 
mass is filtered and the solution evaporated, when 450 g. boric acid crystallises 
out. 

Another process hy Moore (English Patent, irS.oyy, 18th Match 1900) consists in the used 
chlorine gas. The equation for this is : — 

3 CagB 40 ii. 3 Hg 0 + 6CI2 + 9H3O ” + 5 CaClo 4 - Ca{C 10 _q) 2 . 

Statistics— 

From the Tuscan industry 

182S - - . - . 50,000 kg. 

*839 ..... 1,000,000 ,, 

1859 ..... 2 , 000,000 „ 

From mineral sources. The following amounts were pro<luced in 1902 
California and Or^on - • 50,000 tons. 

Chile ..... 15,000 ,, 

Peru ..... 5^000 „ 

Bolivia ..... I^^oo „ 

BORAX 

By far the most important salt of boric acid used in commerce is borax. 

It consists of the sodium salt of the acid which may be supposed to be 

lerived from oithoboric acid, thus — 

4H3BOJ - sHjO = H,BA. 

Borax occurs on the market in four different forms, vir.— 

(i) Prismatic Borax.— This is the common crystalline variety of the formula— 

NajB,0„ loHjO. 

(a) Octahedral Borax, another crystalline variety with five mols. of water of 
-crystallisation. 
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(3) Burnt Borax (Boraxosta).— This is crystalline borax with most of the 
water of crystallisation removed. It occurs as a white powder. Some samples 
personally examined during the past year contained from 4-20 per cent, water 
(crystalline borax contains 47 pet cent). 

(4) Borax Glass, or Nitrified Borax.— This consists of borax with the 
whole of the contained water expelled and the residue fused. It forms a hard 
glassy mass of sp. gr. 2.36. 

Borax is prepared on the large scale from ulexite (boronalrocalcite), colemanite, 
and pondermite. 

Ulexite is found in a pure condition, mixed with sodium chloride and calcium 
borate, in Chile and Argentina. This quality of taw material is exported in large 
quantities by the International Borax Co. of Bnissels, chiefly to their factories in 
Belgium and France. 


Imports. 

1907. 

1908. 

Tons. 

Value in 
1,000 Marks. 

Tons. 

Value in 
1,000 Marks. 

From Chile - 

7,129 

1,426 

9.366 

3.233 

„ Peru ■ 

4.959 

992 

4,956 

1.873 

Exports 

214 

43 

540 

idS 


To prepare the pure borax, the finely ground raw mineral is first washed with 
water to free it from chlorides. 

It is then placed with four times the quantity of water in a steam-heated boiler, 
.md a mixture of sodium bicarbonate, with one quarter the quantity of sodium 
carbonate added. The mixture is heated three hours. The mass is then filtered, 
and the filtrate allowed to crystallise. From the crude mass of crystals the borax is 
separated by another crystallisation. 

A similar process is followed in the case of colemanite and pondermite. 

The borax in this case is separated into three qualities — 

(a) Refined crystals. 

(li) Refined screenings. 

(f) Granulated borax. 

Other methods of preparation of borax are those of Masson and Tilliere, involving^ the use of 
ammoniuin carbonate tD.R.P., 95>^4a! C.B., 1898, 1. 648) ; Richmon and Rappe, using HgSiFg 
(D.R.P., 96,196) and sodium phosphate (D.R.P., ^,759). 

The great technical importance of borax depends on its use as a flux in soldering, 
and in the production of fusible glazes and enamels. 

It is also used in analysis, owing to the fact that many metallic oxides dissolve 
in the glassy fused variety, with characteristic colours, e.g . — 

Cobalt. Chromium. Violet. 

Manganese. Blue. Green, etc. 

Among other borates may be mentioned manganese borate. This may be produced by the 
interaction of boric acid and a manganese salt, and finds application as a paint dryer. It ts a very 
quick dryer, being superior to BaSO, and PbCOj, which are also used for the purpose, 

Lead borate is used in glass manufacture. 

Perborates are produced by the action of H.Oj on borates (vide p. 426). 

Complex Boron Compounds.— Among these may be mentioned the borosalicylates, which 
are important diuretics, and the boiocitrates, which ate used in kidney diseases. These are 
complex compounds which boric acid forms with extreme readiness with organic acids. 

Cadmium borotungstate is remarkable for the fact that its saturated solution has a very high 
specific gravity, viz., 3.28. 
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SECTION XXXV 

THE MANUFACTURE OF CHLO- 
RINE BY THE WELDON AND 
DEACON PROCESSES 


By GEOfFREV Martin, Ph.D., D.Sc. (bond.) 

LITERATURE 

For a full account of the subject, including literature, see G. LttNGE, “Sulphuric Acid and 
Alkali Industry.” 1915. 

Gsoffkev Martin and E. Dancaster give a full account of the properties of gaseous and 
■ liquid chlorine in Vol. VIII. of “ Modem Inorganic Chemistry.” Edited by Newton 
Friend, 1914. 

^ See also Holbing, “Fortschritte in der Fabrikation der Anorganischcn Sauren, der Alkalien, 
des Animoniaks und Verwandter Industrieaweige.” Berlin, 1905. 

See also the references under “ Deacon Process,” p. 363 ; under “ Electrolytic Chlorine and 
Alkali,” p. 367 ; and under “ Liquid Chlorine,” p. 381. 

Until recently almost all the chlorine produced was’made from hydrochloric acid, 
either by the Weldon or by the Deacon process, the hydrochloric acid for the 
purpose being obtained by treating salt with sulphuric acid (salt cake process). 
Within the last few years, however, more than half the world’s supply of chlorine 
has been obtained by electrolysis of brine solutions, which latter method yields, 
according to slight alterations in the conditions of electrolysis, chlorine, chlorates, 
bleaching solutions, also caustic soda and sodium carbonate. An account of each 
of these methods will be given in due course. 

The main use of chlorine is for the bleaching of paper and cotton. The oldest 
bleaching fluid put on the market was “Eau de Javel” (Paris, 1786), a solution 
of potassium hypochlorite. lAter, this was displaced by the cheaper and more 
convenient solid "bleaching powder” (Tennant, 1799, in Glasgow), which at the 
present time is manufactured on a very large scale, and is sold under the trade 
names of “chloride of lime” and of “bleaching powder." More recently, after a 
century-long monopoly, a serious rival to bleaching powder has arisen in the 
electroly'tically produced bleaching fluids (“electrolytic bleaching"), which are 
produced by electrolysis of brine on the place of use, because the liquids soon 
decompose on standing. 

The main use of chlorine is, therefore, the production of these bleaching 
materials. However, large quantities of chlorine are now employed for chlorinating 
various organic products in the intermediate stages of synthetic dye production, the 
chlorine for the purpose being put on the market in a liquid form in steel cylinders. 

The manufacture of chlorates of sodium and potassium has attained considerable 
importance, these products being used for the production of explosives and for 
oxidising purposes. 

-i Statistic*.— According to Bernthscn (1909) the world’s production of blenching powder is 
aflaiated «t 300,000 metric tons yearly, Germany producing in tyoy some 85,000 tons, 50,000 of 
'Which were made from electrolyflc chlorine. Europe at present produces some 9,000 tons of 
, chhuates. 
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The following figures relating to German chemical industry are interesting as showing the great 
variations in price and quantities of the products, 'fluctuations traceable to the rise of electrolytic 
bleaching processes ; — 

Bleaching Powder :» 

1895- * 905 ' 1909- 

marks. 30,300 tons at 90 marks. 26,100 tons at 90 marks. 

The German import of potassium chlorate is given by the following figures : — 

1895- *905- J909. 

^ marks. 1,020 tons at 530 marks. loo tons at 620 marks. 

The manufecture of chlorates is most advantageously carried out in countries provided with 
cheap water power, and the industry is r^idly developing on such sites. 

The Weldon Process. — The process rests on the oxidation of hydrochloric 
acid by means of manganese dioxide. The exact nature of the reaction is disputed/' 
but is usually represented by the equations — 

MnO.+ 4HCI = MnClj + aH^O. 

Maaganese Hydrochloric Maoeanese 

dioxide. acid. tetracnioride. 

MnCl^ = MnClg + CIg. 

Manganese Maneanese Chlorine 
tetrachloride, ilichkiride. gas. 

The manganese dioxide (pyrolusite, black oxide of manganese), MnOj, is largely 
mined in Spain and in the Caucasus mountains. It is impure, usually containing 
iron. Its value, technically, is judged by the amount of “available oxygen” it 
contains. 

The available oxygen is estimated as follows : — 

Nfanganese dioxit^ is disitolved in snlphuric acid in the presence of a known excess of ferrous 
sulphate. The amount of ferrous iron oxidised to the ferric state is then determined by volumetric 
titration in the ordinary way. 

Another process is to heat the manganese dioxide with hydrochloric acid. Chlorine is evolved 
x^uiralent in value to the available ” oxygen. This chlorine is received in a solution of potassium 
todide, and the iodine set free is then estimated by titration with sodium thiosulphate. For 
details of these processes books on chemical analysis should be consulted. 

By a special process to be described the used manganese dioxide is recovered 
and used again, so that in practice the only natural manganese dioxide required is 
that needed to cover the unavoidable working losses, which usually amount to 3 
per cent on every 100 parts of bleaching powder made. 

The working details of the process are as follows (see Fig. i ) : — 

A is the chlorine still. It consists of a still made out of some 6 or g granite or 
sandstone slabs fastened together. The still is usually 9 or 10 ft. high and about 
6 or 7 ft. in diameter. At the top is an earthenware inlet pipe, and at the bottom 
is a pipe for running off the manganese chloride liquors. A steam inlet pipe, 
encased in earthenware or sandstone, passes nearly to the bottom of the still, and 
allows its contents to be heated by live steam. 

The calculated amount of hydrochloric acid ^ having been run into the still, the 
calculated amount of manganese dioxide in the form of recovered Weldon mud is 
allowed to gradually flow in, and chlorine gas is developed in a regular stream. 
When the action slackens the contents of the still are heated by live steam until 
the liquid boils, when the reaction MnO, + 4HCI = MnCI, + 0^+2 HjO is completed. 
The hydrochloric acid will be almost completely used up if it is of the right strength, 
viz., i8°-2o° Be. 

If, instead of Weldon mud (recovered manganese dioxide), natural manganese dioxide is to be 
u^, the pyroluate, broken into coarse pieces, is placed in a different still from that used for 
Weldon mud, being placed on randstone or earthenware grids, and steam is then blown in. 


' See discussion, Geoifrey Martin and Dancaster’s “The Halogens.” 

One cannot partially replace the HO by ll,SO„ otherwise the Weldon recovery process 
becomes impossible. 
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As a rule, in big works several stills are in use at once, the chlorine being led into a common 
conducting pipe. In order to cut out any given chlorine still the foUowii^ device is resorted to : — 
Each still has an exit tube b (Fig. 2), which communicates with the main chlorine conducting pipe a 
by means of a U tube shaped as in iht figure, the tubes being joined up chlorine-tight through a water 
seal at cc. When it is decided to cut off the chlorine generator connected with b, all that is 
necessary is to pour water down < so as to fill up the U tul:« with water. 

When communication between B and A is to be reopened, the water in the U tube is run off 
by withdrawing the stopper /. 

Some small factories (such as bleachers) generate their own chlorine in earthenware generators, 
such as( that illustrated in Fig, 3. More usually, however, these small users buy chlorine in the 
liquid state (at less than 6d. per pound) in steel cylinders (see p. 381). 



When the action is completed the acid manganese chloride liquors are run from 
the still A (Fig. i) into the cemented tank B, which is provided with a mechaiiical 
stirring apparatus and a pump c. Here the liquid is neutralised with lime, 
Ca(OH)j, whereby iron hydroxide, Fe(OH)3, and other impurities are precipitated. 
The liquid is next raised by means of the pump c into the iron settling tank D. From 
here the clear manganese chloride liquors are run into the oxidation towers e,e. 
These are tall iron cylinders, some 30 40 ft. high and 6-7 ft. in diameter. Steam 
is blown in so as to raise the temperature of the contained manganese chloride 
liquors to 55° C., and then the calculated amount of milk of lime is run mfrom 
the tank r. 


■ Thelime is slaked in the mixer n, thence the fluid mass is tun into H and pumped up through 
the pump J into the lime tank F. 


Meanwhile compressed air is blown into the towers e,e, issuing from perforated 
pipes placed near the bottom of the towers, k is the duplex blower, l the air 
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reservoir, and mm the air conducting pipe. The air is blown through the warm 
liquid for some four to five hours before the oxidation of the manganese present 
to manganese dioxide is complete. 

The chemical mechanisin of the action is not completely understood even after years of research. 
It seems that first of all the lime, Ca(OHb, first precipitates manganous hydroxide, MniOH)], 
thus 

MnClj + Ca(OH), = Mn(OH)j + CaCIj + HjO. 

The Mn^OH}^, a white sabstance, will take up ox^n spontaneously from the air until it reaches 
the grade of oxidation Mn^O^^; however, if excess of lime or NaOH is present, the oxidation will 
proceed further than this, and the manganese oxide will be oxidised almost completely to the MnOg 
state, forming a black bc^y of composition varying between CaO.MnO^ and Ca0.2Mn02, so that 
the r^enerated “Weldon mud” contain^ chemically united lime (CaO). It is remarkabl^e that, 
apparently, a trs^e of CaClj solution appears to be necessary before the complete oxidation will take 
place. . , 

The action is carried oat in such a manner that a “mud” containing as little CaO as possible is 
aimed at. The active component in the mud is, of course, the amount of MnOg present, each 
molecule of MnO^ present corresponding to the evolution of 2 atoms of Cl. 

The progress of the oxidation is followed by withdrawing samples of IlqnoT at frequent intervals 
and Hitrating the blackening mud with ferrous sulphate solution and potassium permanganate. 



Towards the end of the action the excess of lime is as far as possible got rid of by running in more 
manganese chloride solution so long as a precipitate of MnjOH),} is caused by the free lime still 
remaining. 

When the process of oxidation is known to be complete the Weldon mud is run 
out of the base of the towers e,e (by means of the stopcocks n,n) info the settling 
tank 0. The mud settles to the bottom of this tank, whence it is run into the: 
chlorine still a once more, and so used again. The aqueous liquors, principally 
containing calcium chloride (see equation above), is drawn hff from the tank 0, 
and either run to waste or worked up in some other manner. 

No less than 70 per cent, of the total chlorine of the hydrochloric acid remains as a waMC 
prodoct in this calcium chlraide, a loss of chlorine which causes the Weldon process at the pre^t. 
time only to be worked in those districts where hydrochloric acid does not command a good price, 
and where the calciuill^loridc can be utilised. 

So far as can be ascertained, the Weldon process is not extending at the present 
time, the under.described Deacon Process (where the waste of chlorine 
and also electrolytic methods of manufacturing chlorine, steadily gainitw 
at its expense (see p. 365). The chlorine evolved from the Weldon Protmi- 
however, i.s very concentrated, sometimes amounting to 90 per cent, by votoae- 
of the evolved gas. 
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THE DEACON PROCESS 

LITERATURE 

See references on p. 359 ; also 

Haber.-— "Thermodynamik technischer Gasreaktion.” 1905. 
Falckbnstein ,— pkysikal Ckem.y 1907, 59, 313; 1909, 65, 371. 


The oxygen of the air can be used to oxidise hydrochloric acid to chlorine and 
water. When a mixture of hydrochloric acid and air is led over a heated suitable 
“ contact ” substance the following change takes place ; — 

4HCI + 02 = 2CI2 + 2HjO. 

This is the process of Deacon and Hurter. The decomposition, however, is by no 
means a quantitative one, and the unchanged hydrochloric acid is recovered and 
used again. The contact substance employed is usually cupric chloride, CuClj, 
heated to 450“ C. Cupric sulphate, CUSO4, has been used, but is not so efficient 
as CuClj. ’ 

The action is essentially “catalytic,” but it is usually supposed that the CuCl^ is first converted 
into an oxychloride, which is then, by means of the HCl, reconverted into CuClg. For example, 
Hengsten gives the equations 5— 

1. CuCls = aiCuCIa + CueCy + 4CI. 

2. 2(CuCl2 + CujChs) "i" 2CI. 

3* CUjjCIg + 0 = CuO.Cl2- 

4. CuO.CuCla + 2Ha = 2 CuC!2 + H2O. 

Lunge and Marmier come to somewhat similar conclusions, which are, however, denied by 
Levi and Bettoni, who cannot find in the CuCl2Used any Cu/^l^or CuO.CuClg. Moreover, pumice- 
atone impregnated with Cu2Cl2 or CuO.CuC^ gave between 250*-400“ no trace of Cl. .\lso, CuSO^, 
cmorides of Ni, Mn, Mg, etc., also strongly heated pumice-stone alone, gave Cl when a mixture 
of HCl gas and air was led over them. On this ground these authors reject the “oxychloride” 
theory of the previous writers, and assert tlrat the Cl doft not come from the CuCU at all, as this 
latter can be replaced by the SO^ or substances which do not contain Cl at all, and put forward the 
suggestion that the catalytic action of these substances is to be referred to the tendency of the 
substances to form oxychlorides. Levi and Voghera also carried out experiments on the use of 
catalysers such as CaClj, MgCl^, BaCl^, NiCI^, CuSO^, CuO, etc. 

Diu and .Margosches (D.R, Patent, 150,2:^, 15th June 1902) have proposed to use as a contact 
substance the chlorides of the rare earths (Th, Ce, IjH, Pr, Nd, etc.), which occur as a by-product 
in the manufacture of thoria for gas mantles. The reaction temperature is 300“ -600°. With diluted 
gases it is stated that the reaction takes place even better than with concentrated 40-50 per cent, 
gases. 

The reaction is reversible, following the ordinary law of mass action : — 

2HCI + 0 ^ ~~ ILO (steam) + CL + 14,700 calories. 

At low temperatures the reaction tends to proceed almost completely in the 
direction from left to right, with the evolution of heat, but so slowly as to he 
practically unworkable. As, however, the temperature increases, apparently the 
attraction of hydrogen for chlorine increases, and the reaction tends to proceed more 
rapidly in the reverse direction from right to left, so that as the temperature increases 
the yield of Cl from HCl decreases. Consequently the lower, the temperature the 
greater is the quantity of HCl theoretically converted into Cl^ ; hut at low 
temperatures the reaction proceeds extremely slowly, so that it is unpractical 
to carry it out below 40o'-43o” C. .Vt a temperature such as 450° C. equilibrium 
is more rapidly attained, but the yield of chlorine is seriously diminished, and 
at temperatures much above 430° notable amounts of copper chloride are lost 
by volatilisation. 

The most favourable practical conditions have been worked out by Lunge and 
"Ttemier (Zeil. angew. dim., 1807, 105), who found that the contact substance 
I: should be kept between 45o*-46o“ C. Almve 460 C. serious losses of copper chloride 
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occur, while below 440" C. the yield of chlorine was bad on account of the slowness 
with which equilibrium was attained. 

As r^rds the theory of the process the reader should see Haber, “ Thermodynainik technischer 
Gasreaktion,” 1905, p. 89. A recent invest^Uon on the equilibrium of the Deacon orocess has 
been published by Vogel von Faickenstein, Zeit, pkysikal. CheiH,y I 907 » 59 i 3*3 » 37 ** 379 * 

As in all chemical actions where heat is evolved, increase of temperature increases the velocity 
of the reaction up to a point, and lieyond that point the velocity of the reverse reaction increases 
very rapidly. 

It follows, therefore, that as in all chemical reactions attended with the evolution of heat {see the 
Contact Process for SOs Manufacture,” this Volume), the lower the temperature the more com- 
pletely does the reaction take place in the direction 2HCl+0-^Cl2+H20, and consequently the 
more completely the hydrochloric acid is turned into chlorine. Unfortunately, however, at low 
temperatures the reaction proceeds so slowly as to make it practically unworkable. It is only at 
400-430'’ that the action proceeds with CuCi2 with sufficient velocity to make the process technically 
workable. As the temperature increases up to 450*, so also does the rapidity with which equi- 
librium is attained, although the yield of chlognc per given amount of hydrochloric acid becomes 
increasingly worse on account of the increasing rapidity of the back action, HgO ■+• Clg-^2HC1 + O4. 
According to Haber, theoretically at 430* C., some 75*^5 convertible into Cl, 

whereas at 577* C. only 50 per cent, is convertible. Possibly some advance may come with the 
discovery of a more efficient catalytic agent than CuClg, which works at a lower temperature than 
45o“®C. According to von Faickenstein, the best yield in the Deacon process is obtained by 
using a mixture of 40 per cent. HCl and 60 per cent. air. About 70-71 per cent, of the HCl gas 
entering the apparatus can be converted into Cl- On drying the cooled gaseous mixture by 
passing through concentrated sulphuric acid, and again passing it through the apparatus, a yield 
of 82 85 per cent, of chlorine can be obtain^, while on passing once more through the apparatus, 
87-89 per cent, yields are attainable. As regards the influence of pressure on the equilibnum, it is 
a general law that an increase of pressure tends to cause a reaction to proceed in such a direction 
as to favour the production of products occupying a small volume, as the equation shows : — 

^ 4HCI -t- Oj = 2H2O («eam) -|- 2Clg. 

4 Kols. I vol. * vols. + a Tols. 

An increase of pressure should therefore favour the transformation of HCl into chlorine by the 
Deacon process, and Foucar (private communication) has su^esled that a modified Dmcod 
process carried out under pressure, and at such a temperature as would just prevent the condensation 
of the steam, would have a future before it. 

Fig, 4 shows one of the older forms of the Deacon plant, a is the salt-cake 
furnace from which the HCl gas is evolved from the action of sulphuric acid 
on salt. B is a pipe leading off the HCl gases, c is a condenser in which 
sulphuric acid, aqueous hydrochloric acid, etc., are condensed, e is the preheater, 
where the entering gases are raised to the right temperature, say 220” C., before 
entering the contact apparatus F. This consists of a cylindrical iron tower r, 
surrounded by a brickwork wall m, whereby the whole can be heated to the proper 
temperature (about 43o°-45o" C.). In the central portions of the tower are piled 
layer over layer of baked clay or porous earthenware balls, previously soaked in 
cupric chloride solution and dried. As the CuCl, is somewhat volatile, the entering 
gas is first sent through the system from below upwards, after which the direction 
is changed from above downwards, and so on in alternately reversed directions. 
By this arrangement loss of copper chloride is minimised. 

The German patent, 197,955 (l^j. proposes to use the double salt, CuCVNaCI, which at 550* 
is not noticeably volatile. With this salt the gas stream can be heated to 510“ C., without much 
loss of copper, whereas in the ordinary CuCi2, over 460% a considerable loss of copper occurs. 

By means of this system about 65 pet cent, of the HCl is, in actual practice, 
decomposed into Cl. The issuing stream of chlorine-rich gases escapes through 
the pipe h into a series of cooling tubes j, whence they pass into the tower K, 
where they meet with a descending spray of water, which washes out the HCl gas, 
but only absorbs a small amount of chlorine. The aqueous HCl thus obtained 
is freed from chlorine by blowing through it a stream of air. 

From the water tower the chlorine gas next passes into the drying tower l, 
where it is dried by a descending stream of concentrated sulphuric acid, the dry 
chlorine emerging at n. 

In its original form the Deacon process suffered from some grave defects which rendered it 
unable at first to compete with the Weldon process. The HCl was at first led directly from the 
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salt-cake furnaces into the contact apparatus, and it was found that the latter ceased to work 
effectively because the unpurified HCl gas carried on sulphuric acid fumes, ferric chloride, arsenic, 
and dust, which spoilt the contact substance. Hasenclever, of the Rhenania Factory, was the first 
to make the process really successful. This he achieved by purifying the HCl gas by first absorbing 
it in water, and then liberated it again in a comparatively pure state by running in concentrated 
66* Be. (lo?* Tw.) sulphuric acid, and finally blowing air througb the liquid. The HCl came over 
pure in a steady stream, and was led directly into the contact apparatus. This process is still 
worked on a very large scale. 

At Mannheim, in 1909, a further simplification was introduced in the process by obtaining 
directly in mechanicai salt-cake fumades {see thb Volume, p. 284), nearly pure HCl gas, free from 
arsenic, and of a fairly constant strength, consisting, say, of 30 per cent. HCl and 70 per cent. air. 
This gas is purified by leading it through a series of Cellarius condensers {p. 276), whereby dust 
and sulphuric acid are deposited. Lastly, the gas is heated to about 220* C., and is led directly 
into the contact apparatus. 

The chlorine evolved in the Deacon process is very dilute as compared to 
Weldon and electrolytic chlorine. It usually amounts to only 8- [2 per cent, by 
volume, the rest being atmospheric nitrogen and other gases. Consequently, it is 
difficult to use an ordinary “chamber” for making bleaching powder. The lime 


K • L 



must be treated in a special apparatus invented by Hasenclever, which will be 
described under bleaching powder (p. 394). 

The Deacon process is still able to maintain its position and even advance in ^ite of the gtowili 
of electrolytic chlorine. In the Weldon process only about one-third of the chlorine in the HCl 
is utilised, while in the Deacon process over 40 per cent, of the HCl is transformed into Cl, the rest 
being recovered as HCl, and, moreover, the oxidation agent, via., atnrospheric oxygen, does not cost 
anything. The disadvantages of the Deacon process ate the trouble in getting the plant to work,' 
the frequent loss of efficiency by the contact materials becoming useless, and the loss of copper by 
volatilising or otherwise. 

Preparatioii of Chlorine and Hydrochloric Acid from Magnesium and Calcium 
Chloride. — Enormous amounts of magnesium chloride, estimated at 500,000 tons, are run to 
waste at Stassfurt (see this Volume, p. 329, " The Stassfurt Inriustry ”), simply because no economre 

means are known of transforming these mother liquors into chlorine products. 

Many attempts have been inade to obtain chlorine and hydrochloric acid from magnesium 
chloride, HgCl^. When the latter is crystallised from its solution it deposits as a snow-white 

mass containing water of crystallisation (MgCl^aHjO). , 

When this crystallised magnesium chloride is melted it decomposes, forming oxychloride and 
evolving half its chlorine as HCl, thus : — 

aMgCls -h H ,0 = MgO.MgCls -h aHCl. 

If now the magnesium oxychloride remaining behind is heated in a stream of steam nearly all the 
chlorine is evolved as HCl, leaving magnesia, MgO, behind, thus 

MgO.MgClj + HjO = aMgO + aHCl. 
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This is a method ot chaining HCl from MgCl^ which has actually beea pul into practice, but- 
without much success. 

In order to obtain chlorine from magnesium chloride or oxychloride the substance must be 
ignited in a str^m of air when it evolves chlorine, but only incompletely ; it does not melt, but 
remains porous. This, essentially, was the Weldtm and Pechiney process, worked for a time, 
but unsuccessfully, at Salindres in S. Fiance, tlie magnesium chloride being obtained by con- 
centrating the mother liquors left after crystallising out the salt, NaCI, the manufacture of salt 
being here a considerable industry. Simitar processes were worked at Neustassfurt and 
Leopoldshail in Germany, two manu 5 icturers of potassium salts seeking to utilise the' magnesium 
chloride waste li(}uars in this manner, but again with no success at Neustassfurt. In Leopoidshall 
the manu&cture of chlorine by this process was given up in 1909, after being worked since 1890, 
but hydrochloric acid is still obtained at the latter place by the following method : — 

Powdered magnesia, MgO, is mixed with the concentrated MgCl^ mother liquors, when 
combination ensues, with the formation ni solid (^ates of magnesium oxychloride, containing, 
roughly, 10 per cent. MgO, 40 per cent- MgCl^, and 50 per cent. H^O- These plates are then 
stacked up by side and one over the other in the shaft of a furnace, care being taken to 
suitably support the plates. From beneath, hot gases from the furnace stream through the 
mass and heat them to a red heat. The plates, shrinking and subsiding downwards, as they do 
in the hotter parts of the furnace, yield up most of their chlorine in the form of dilute HCl ^s, 
which is then condensed and absorl^d in the usual «my by passing the furnace gases up absor^g 
towMS, where they meet with a stream of descending water. 

The firing of these furnaces is “brown coal,” which gives off much water, and so aids the action 
of the heat in causing the Complete decomposition of the oxychloride. The resulting HCl solution 
is very dilute, only 15* Be., but has the great ad%'antage of being practically arsenic free. 

There finally remains a calcined mass containing 15 per cent. MgCl.^ and 85 per cent. MgO, 
which is then ground up and utilised, partly for mixing with the MgCla liquors lor repealing the 
process, and partly for the production of magnesium oxychloride cements (sorel cement, xylolithl, 
which is now being used in increasing quantities for floorings, artificial marble, etc. (see p. 419). 

There seems, however, but little prospect of an increased production of HCl from this or allied 
methods, as the case and abundance with which HC! is produced by the extension of the salt-cake 
furnace methods puts the former out of court unless the running costs can be considerably reduced. 

As regards the production of HCl and Cl from caldum chloride, this Is one of the grwl 
problems of the day. By the ammonia soda process enormous amounts of waste calcium chloride 
liquors are product, and also by the Weldon recovery process, and the manufacture of KClOj. 
'Enormous numbers of proposals, almost always devoid of practical success, have been made to 
manufacture Cl cheaply from CaCl^, or to utilise tbb chlorine effectively; r./., Solvay in 1S77, 
i$$8, and 1889 out a number of patents which conristed in heating CaCi2 with sand, clay, 
etc., under various conditions in a stream of air (see “Chemische Industrie,” X, 49 (1878), and 
Harter, /mm. Sac. Cheni. lnd..,2^ 103(1881)). An^ountof the various proposals is given in 
Lunge’s book, Sulphuric Acid and Alkali,” Vol. III. 
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Within the last two decades a large industry has arisen out of the electrolysis 
of the alkali chlorides, whereby not only chlorine, but also valuable bleaching 
solutions, chlorates, and caustic alkalies are obtained. At the present time it 
is stated that over half the world’s supply of chlorine and chlorine products arises 
out of the electrolysis of the alkali chlorides. A large number of different processes 
have been proposed, but we will only mention those which have been attended 
with some success. 

Geoeral Principles. — When an electric current is passed through a salt solution the positively 
charged raetatlic ions pass to the negative electrode (cathode), whereas the negatively charged 
chlorine ions pass to the positive electrode (anode) thus : — 

+ — 

NaCl = Na + Cl. 

(to -pole) (lo+pole). 

Arriving at the electrodes, these charged ions give up their electrical charges, and the sodium ions 
b^me ordinary sodium, which at once reacts with the excess of water present, to yield II gas, 
and produce caustic alkali, thus ; — * 

2Na + Hj-O = 2NaOII H IL, 

so that at the cathode caustic soda accumulates and free hydrogen is given off. On the other hand, 
the chlorine ions, after giving up their native charges at the + pole, are liberated as chlonne 
gas at the anode ( + pole), and also remain dissolved in the liquid surrounding the anode. In very 
flilute solutions,' and with too high electrical potentials, the waier suffers electrolysis, oxygen coming 
off at the positive pole, and hydrogen at the negative. . . „ . 

T^e conduction of the current across such an electrolytic solution depends upon its transportation 
by the charges on the ions. Thus every equivalent ion, e.g., i g. of hydrogen, 35.5 g. of chlorine, 
24 g. of sodium, etc. , carries with it the same quantity of electricity, viz. , 96,540 coulombs^ither 
poativc or negative electricity, according to the + or - character of the ion (Faraday’s law). 
It u Ihereftrte an easy matter to calculate the amount of chemical products theoretically producible 
by the passage of a certain quantity of electricily through a liquid. E.g., to produce, say, 35.5 g. 
of chlonne^r 40 g. of NaOH (from 23 g. of liberated Na) we theoretically only require the passage 
of ^,540 coulombs." Theoretically, a current of one ampere liberates in one hour 1.3236 g. of 
chlorine. In practice, however, side or secondary reactions diminish the yield of these products. 

To liberate any ion a definite electrical tension is required, measured m volU. And to drive a 
eonent continuallyihrough any electrolyte there is thus required a definite voltage depending upon 


‘ A coulomb is the quantity of electricity represented by one ampere ffowing %r one second past 
iny section of a circuit. 
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the nature of the ions liberated. These ate the so-called “polarisation” voltages, which must be 
overcome before the ion gives up its electrical cba^e and is liberated. 

The total amount of eteciricat energy required for electrolysis is measured by the product of the 
current in amperes, and the voltage at which it is forced through the liquid, the unit being called 
a volt-ampere. l volt-ampere=l watt/sccoDd=a24 gramme-calorie. 

For electrolysis, Ohm’s law takes the form : — ^ being the voltage of the source of 

electricity, and e the polarisation voltage which must be overcome before the current will flow 
through the electrolyte at all. It is always possible to calculate approxinmiely^ from the heats of 
combination of component salts, the reactions which take place. Thus, confining ourselves to 
the electrolysis of NaCl solution, we have the equations 

NaCl + H.O = NaOH + H + Cl 
NaCl = Na + Cl - 96,400 calorics 
Na + H^O = NaOH + H + 43,400 calories 

Difference - 53,000 calories. 

Hence, in order to decompose i g. mol. of NaCl (5S.5 g.) and liberate 40 g. KaOll, 1 g. H and 
35.5 g. Cl, we require the expenditure of energy represented by 53,000 calories, which is equivalent 
to 53,000/0.24=220,800 volt-amperes. Now 96,540 coulombs = 96,540 ampere-sedbnds are required 
to lU)erate the gram equivalent of these quantities, and so the minimum voltage (assuming that all 
the neat is represented by electrical energy) necessary for decomposing the solution is 220,8^/96,540 
= 2.3 volts. 

As a matter 0/ fact, however, in practice a much greater amount of energy than this is usually 
required. Thus a considerable voltage is required to drive the electric current against the high 
resistance of the electrolyte, and tfiis causes the genemtion of much heat, which is derived from the 
electric current. 

Consequently, in order to pass a current of any intensity across the liquid, we must work with 
a volts^e considerably greater than this minimal voltage of 2.3 volts. As the frictional heat 
represents a waste of electrical energ)*, in praaice the resistance of the electrolytic cells is diminished 
to the greatest possible extent by making the electrode surfaces as large as possible, and the layer 
of electrolyte between them os short as possible. Moreover, the voltages are kept as low as 
possible, tbe conditions for economic production being low voltages and currents of great strength, 
to order to render the salt solutions good'comluctors (and so save waste of electrical energy in 
frictional heat effects) they are made as concentrated as possible, and usually are hot. 

As regards the source of power for generating electricity, this is usually and most cheaply 
provided for by water power, and so the Niagara Falls in America, Norway, and other countries 
rich in water power are the main seats of this new industry. 

However, where water power fails (as in Germany) the power is often provided from coal, 
brown coal, peat, the producer gases evolved In some furnaces, and coke ovens, etc. 

The cunents are usually generated by water turbines driving dynamos, and the current is 
delivered to the salt solutions at a definite voltage and a definite current density, such as experience 
shows is best for the particular cell employed. These cells are small, and the current is often 
divided among hundreds, and sometimes thousands, of individual cells (as these latter cannot be 
greatly eniarg^ to meet increased power, as is the case in most other industrial plaqts). 


ELECTROLYSIS OF ALKALI CHLORIDES FOR PREPARING 
CHLORINE AND ALKALI 

Four main processes are worked, namely: — (i) The diaphragm process, 
(j) the mercury process, (3) the Bell process, (4) the fused electrolyte process. 
We will describe each in detail. 

(i) The Diaphragm Process.— The earliest and most successful cell of this 
type is the Griesheim, which has been worked {Chtmischt Rabrik Gritshtim-Eltktron) 
since 1890. Large works employing this cell also exist at BitterSeld, Basel, and the 
Badische Anilin- und Soda-fabrik also use this process. The cell ‘(Figs. 1 and 2) 
consists of an iron box mm, which is made to serve as the cathode. Inside this 
are placed six small porous cells serving as diaphragms in which dip the 
anodes k,k,k, all connected in series, the whole being filled with saturated NaCl 
solution.^ 

The walls of the smalt porous cells d,d (diwhragms) are a compotition of cement, NaCl and 
HQ (Btmer, Germao' Patent, 30,222, 1884). In the course of use the NaCl dissolves and leaves 
an extremely fine-pored, wall, which sraarates the anodic from the cathodic space, and which 
allows the current to paw through. Tms composition has proved very resistant agairut alkali 
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P""^ «''■ "“w of magnetic iron oxide 

fus^ m the electric furnace at 2,ooo-3,<x»’ C., and poured into moulds. Such electrodes 
haye proied superior to the carbon poles previously employed, which are attacked by nascent 
ox3^n. ^ 


Separating each small porous cell are iron-plates b,b, going right across the main 
iron tox mm, and dipping nearly, but not quite, to the bottom. These iron plates 
form (together with the iron walls of the main box mm) the cathodes. 

The porous cells surrounding the anodes are covered with lids, chlorine 



Longitudinal Section. 

Fig. I.— The Griesheim Cell. 


Cross Section. 


escaping through a tube leading from the interior porous cells as shown at i., the 
anodes passing right through the lid. The chlorine is led away through an earthen- 
ware pipe to the chlorine chamber. 

Also each cell is provided with a tube-shaped grid of earthenware for filling in 
salt, thus keeping the solution saturated. The bath mm is also provided with 
a lid through which the evolved hydrogen escapes. This gas is either led into 



a g^meter or it is led away to the pumps, and coinpressed in strong steel 
cyMets under 150 atmospheres pressure, and stored in this form. 

The following are the changes which occur in the ceU when the current is ^ thresh the 
aatiuated NaCl wlution in the bath. The Cl ion passes through the diaphr^ms into the anrfic 
^ and there escapes as Cl gas, while the Na ton passes from mside the diyihragm and dis- 
^wes itself on the cathodic space outside, beit^ TOirverled into NaOH and H, which 
.. .^.Xsrrihed As the action proceeds the solution becomes weaker and weaker in NCb 
S fcmS^aCUofutiof L ru'n in thror^h the pi« s. and the.soM salt added from tie 
W toe ato maintains the supply of salt to the liquid, Consequentlrm the cathodic s^e th^ 
SSlv rtfecta NaOH liouom mixed with a dilute NaCi soluUon, and this is ran out from hide 
L m^of a tan M theTfioiency being replaced by fresh NaCl solution entering through 

VOL. 
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not proceed to completion. As soon as NaOH is formed it begins to itself take part in carrying the 
current, tlie tendency becoming the more marked the more NaOH that is present. It is supposed 
that the NaOH decomposes electrolytically, thus 

2NaOH = 2Na + 2(0H)'. 


The Na ion at the cathode then gives up its 
charge, and reacts with the surrounding water 
to produce NaOH again and H{2Na + 2n20 = 
aNaOH + Hfi), while at the^ cathode we get 
the OH' ions similarly changing into water and 
oxygen (2(0H)' = Hg 0 + 0 '), ^ that the net 
results are that hydrc^en is given off at the 
cathode and oxygen at the anode, and a consider- 
able amount of the current is used up uselessly 
simply in decomposing water. To prevent this 
waste, therefore, in practice the process of electro- 
lysis is stopped as soon as about one-third of the 
NaCl has been changed into NaOH, and the 
NaOH liquors formed, containing about 75 g. 
NaOH, and 160-200 g. NaCl per litre, are run 
off into vacuum evaporators and concentrated. ' 

With the object of diminishing as 
much as possible the internal resistance 
of the ceil, the polar surfaces are made 
as large as possible, and brought as close 
as possible together, while the salt solution is maintained at 8o“-go’ by means of 
a steam jacket. 




anodic cells bb', b'b. The walls of these cells are made up of porous dia- 
phragms, consisting of cement or some similar material, to which is affixed on 



.See C. Kershaw, Electrual World, 46, 101; English Patents, 18,871, 1892; » 

^3.189^ ' 
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the outside a network of iron gauze, which forms the cathode. The,. l^aCl 
solution flows into the anodic space through a tube near the top, and pours 
through the diaphragm surrounding the anode, out through the wire gauze into 
the exterior empty space dd, finally escaping through the tube d'; as the salt 
solution pours through the cell, subjected to the powerful electrolytic action by the 
current passing from a to b', and consequently the salt solution emerges through the 
diagram into the exterior empty space dd, it is largely decomposed into NaOH. 
In DD, however, it meets with a stream of steam and COj which immediately 
combines with the NaOH to form Na^COj, which pours off through d'. The 
exterior space dd thus remains empty. The Na^COj liquor is gradually evaporated 
and the crystallising Na^COj separated by centrifugals. 

According to Kershaw, the main cells arc ro ft. Iong*by 5 ft. 14 in. deep, and are united in 
batteries of fourteen. The brine is pumped directly from the salt springs into the battery, and 
a current of 2,000 amperes, under a tension of 4.4^ volts, is passed through the liquid. Every cell 
decomposes lOO kg. salt in twenty-four hours. Current efficiency, 90 per cent. The escaping 
Na2C03 liquors contain 150 g. NagCO^ per litre. About 66 per cent, of the NaCI is decomposed 
into NaOH. 

This process is worked by the Electrolytic Alkali Company in Middlewich, but the succesiin 
England does not appear to be very marked, although the plant appears to be more successful 
abroad, where electrical power is cheaper. 

The Townsend Cell (?ig. 4) consists of an interior diaphragm of porous 
material, t.e., asbestos mixed with iron oxide and hydroxide, firmly fixed into a 
non conducting cement foot b. Surrounding and in close contact with the porous 
diaphragm aa is the cathode, made of iron gauze. Into the interior of the 
diaphragm projects the hollow anode (of Acheson graphite) dddd, which nearly 
fills the entire central space. Through the middle of this anode is a tube ee, 
down which a strong NaCl solution is pumped. This NaCl, as it passes 
between the wire gauze cathode on aa and the anode dd, is subjected to the 
powerful electrolytic action of the strong current flowing between them. The 
NaOH formed streams through the diaphragm aa into the exterior space kk, 
which is filled with oil, which serves as the inactive fluid which separates the 
cathodic and anodic fluids and prevents them uniting. The NaOH liquors sink 
below the layer of oil to the bottom of the space kk, and are run off through mm. 
The oil bath can have its temperature regulated by closed steam or water coils. 
Cl escapes from the anodic space and h from the cathodic space (see English 
Patent, 18,403, 1904). 

According to Baekland {Chemiltr Zeitung, 1909, 33, 1125), at Niagara Falls a current of 
2,500-5,000 amperes is sent through a latlery of seventy-six cells. Tlie “density ” of the current 
used is about 1 ampere for each square inch anodic surface. The voltage per cell is 4. The 
diaphragms are cleaned every thirty days. Current efficiency, 90 per cent. 15-20 1 . of NaCl 
solution are sent through eacli cell |ier hour. The liquors escaping contain 150 g. NaOH and 200 g. 
NaCl per litre. 

The main ailvantage of the process is slated to be the almost complete absence of chlorates and 
hypochlorites in the escaping liquors. The resulting NaOH liquors are evaporated, separated 
from the NaCl (wliich crystallises out), again evaporated in open boilers, and sold containing 
7 fi- 77 i f*r cent. NaOH, together with 2 per cent. Na,COj, and a small amount of NaCl. 

Le Sueur’s Cell, of latest construction, is described in the American Patent, 
723,398- The cell (Fig. 5) is divided into two compartments by the diaphragm aa 
(made of asbestos), which is coated with iron gauze, which forms the cathode. A 
carbon anode b passes through a lid closing the anodic compartment c. A stream 
of NaCl solution enters through the pipe e, enters the anodic compartment c by 
means of a hole bored in the lid, and then flows out through the diaphragm into 
the cathodic compartment d. The electrolysed brine collects in d, and the 
resulting liquor, rich in NaOH, escapes through f. The fluid pressure in c must 
be greater than in d, otherwise the liquid will not escape readily through the 
diaphragm. . 

A modification of this process is slated to be worked at Ruinfotd FaUs in Maine (U.S.A.). 

The Outhenin-Chalandre Cell (see Moniteur Scientif., rgqy, 789, 586) 
has been used extensively in France, Switzerland, Italy, and Spain. The anodes 
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are of graphite, the cathodes of' iron, and the diaphragm consists of a special 
kind of porous, earthenware. 

The BUliter-Siemens Cell (see British Patent, 7,757, 1907; Kershaw, /cam. 
Soc. Chtm. Ind, ig'is, 32, 993-995; Allmand, he. at. -, Allmwd, "Principles of 
Applied Electrochemistry”) has, since 1907, been extensively introduced on the 
Continent and at Niagara Falls. 

The apparatus (Fig. 6) consists of a bell (i i) closed at the bottom by a diaphr^m 
(1,2), which rests on an iron or nickel net (3), which serves as the negative cathode. 
Inside the bell is the anode (S) (nfade of carbon), the whole standing in an outer 
vessel (10). / 

The special feature of this cell is the nature of the diaphragm. The wire-net 
cathode (3) is covered with ordiniry commercial asbestos cloth (i), on itihich is piled 
a powder diaphragm (2), made of a composition consisting of an insoluble powder 
(like barium sulphate or alumtria), with asbestos wool, the whole being made into a 
tenacious but consistent mass with a solution of common salt. 

NaCl solution enters through the pipe (la), flows right through the diaphragm, 
is*subjected to electrolysis in so doing, and escapes as NaOH through the 
outlet (23). 



The cell is provided with a special heating arrangement, which serves to keep 
the liquid hot. 

With 4-5 volts the apparatus gives 12 pet cent, NaOH, with efficiencies of 90-95 per cent, of 
the theoretical amount. Cl'gas of 99 pet cent, strength is evolved. An apparatus with a cathodic 
net of I sq. metre working under a Mnsion of 4-4.5 volls tequires'a current of 600 amperes. The 
salt solution is maintained at 60“ C. Anodes of magnetic iron oxkle ate now stated to he used 
instead of carbon. 

The BiUiter-Leykam Cell, a modification of the Billiter-Siemens cell, is an 
improved form of the bell-jar ceil, using cathodes hooded in asbestos and placed 
underneath the anodes. 

Working at 85° C., it furnishes a 12-16 pet cent. NaOH at a current efficiency of 92 pet cent., 
using 32 volu and employing nnpurified brine. Tlie drawback is the small amperage pel unit cf 
flgor space. 

The Finlaf Cell, described in the British Patent, 1,716 of 1906, alsQ in 
Allmand’s “Principles of Applied Electrochemistry,” p. 380, is a doubfe lUaphragm 
cell, with a douMy counter-flowing electrolyte traversing the cell from end to end by 
iriiani of tabes. By means of a filter press arrangement (the cell Wng built touch 
liiEe.a'^t prns), the thickness of the electrolyte is reduced to a miriitnum. There 
is a cfMtoit diffeteitoe of hydrostatic pressure at every point rrf the diaphragm, so 
rhar Wmftwm perrsolatibn Of the brine is secured.’ 

a secther of s battery of cells* u,u are the'anodss, b^b the cathodes, d^d the- 
dhJnMteliMe oat df iMe, with holts Iheitin W top and bottom for alfowing brine 

^ atec^^ to a deMe coaDtet-ennent cUcnlathig tube qrsteq), are 
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“distant pieces” (/.«., frames placed between the diaphragms) which, when pressed up by the 
SCTew 31-32, enclose a space which constitutes an electrolytic chamber. These distance pieces are 
also provided with holes, which, with the corresponding holes in the cathode, anode, and 
^phragms, constitute parts of the tubes of the circulating system. When these parts are arranged 
m the cell as showrt, and are press^ together between the end plates 30 by means of the screw 
31, and the handwheel 32, orifices in the cathodes, diaphragms, distance pieces, and anodes all 
coincide, form continuous tubes or ducts for circulating the electrolyte. 36 is the feed system 
u I 37 38 are, respectively, out-flow cisterns for the products of the cathode and anode 

chambers respectively. 39 is a separator for H gas, a similar separator (not shown) being 
employed for the chlorine. 

The separators and pipes connect with the three double lines of holes in the elements, makipg 
up the battery, so that three continuous tubular circuits are formed for the flow of liquids. 

According to Donnan (Journ, Soc, Ckeni. Irtd.^ 19131 3^1 994 ) this cell, working with purified brine 
and a current density of 4 amperes per square decimetre o# diaphragm, can produce 8-12 per cent. 
NaOH at a voltage not exceeding 3 volts, and with a cathodic current efficiency of 98-99 per cent. 

In 1913 three i ,000 ampere units were being satisfactorily operated in Belfast. The Finlay cell, 
however, according to Kershaw (/or. ciV.), is handicapped by the low concentration of the NaOH 
produced. 



Kershaw {loc. cit.) states that diaphragm cells, with a moving electrolyte, the 
flow of which through the cell counteracts the effects of convection currents and 
of ionic migration which are constantly occurring, arc now the most efficient type 
of electrolytic cell for the production of alkali and chlorine compounds, the Billiter- 
Siemens and Finlay cells possessing the highest energy efficiences. 

The following figures are given, showing the current and energy efficiencies of 
the various electrolytic alkali processes : — 


Name of Process 
or Cell. 

Efficiencies (ler Cent. 

Concentration of 
Soda Liquor. 

Current. 

Energy. 

Griesheim • ' - 

75 

48 

1-2 N 

Hu^eaves-Bird 

80 

54 


Townsend • 

94 

45 

4 N 

BilliterSiemens - 

92 

68 

3N 

Billiter-Leykam - ’ ■ 

95 

59 

3-4 N 

Finlay 

98 

75 

, 2 N 

Costner-Kellner - 

91 

5*-3 

... 

Attssig “ bell” - 

87 * 

40.9 



concentration of i N is equivalent to 40 g« of NaOH pet litre. 
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(2) The Quicksilver Process of Electrolysing Alkali Chlorides — 

In this process quicksilver serves as the cathode, taking up the liberated Na as an 
amalgam, and giving it up at another place to water to form NaOH and hydrogen. 
The great advantage of this process is that the NaOH formed in the neighbouring 
cell is completely chlorine free, and on evaporating the solution a very pure NaOH 
is obtained. Moreover, it is possible to prepare directly very concentrated NaOH 
liquors, so that not such a great deal of evaporation is necessary as in the process 
first discussed. The absence of a diaphragm greatly reduces the resistance, and 
so allows the whole operation to be carried out at a low voltage. The main 
disadvantage is the great cost of the large quantities of quicksilver required for 
the plant. ^ 

Fig. 8 shows the cell employed by the Castner and Kellner Co., Weston 
Point, Runcorn. The large trough mm is divided into three compartments a,b,a, by 
two partitions which do not touch the bottom of the cell, but fit into grooves at the 
bottom. Two stout graphite electrodes project through the walls of the two outer 
compartments of the vessel, while the middle compartment is fitted with an iron 
grid to form the cathode (-pole). The non-porous massive partitions do not 
reach quite to the bottom of the cell, but dip into a layer of mercury covering the 



Fig. 8.— The Caslner-Kellner Cell. 


bottom as shown. A solution of alkali chloride flows through the two outer 
compartments, and water through the middle compartment. 

On passing the current, the salt dissolved in the water of the two outer 
compartments a,a is split up into Cl and Na ions. The chlorine is evolved as 
such at F, but the sodium travels with the current and dissolves in the mercury 
at the bottom of the compartment, forming sodium amalgam. A slow rocking 
motion is given to the whole apparatus by means of an eccentric wheel placed at 
H, and this makes the mercuiy flow from one compartment into the other, and so 
brings the mercury amalgam into contact with the water in the middle cell, where 
it is decomposed, forming NaOH, evolving H, and regenerating the mercury. The 
hydrogen escapes through the loosely-fitting cover. When the NaOH formed in the 
middle comp^ment is sufficiently concentrated it is run olT into another tank for 
boiflng down. . , 

According to W. Gordon Carey {/turn. Six. Chtm, Ini,, 1913, 3a, 995), 144 cells of the 
rMking-Caitner type, measuring 6 ft. by 4 ft. internally, and containing 200 lbs. of mercury, gave 
with a current of 500 amperes at 4 volts (using Acbeson graphite anodes and iron cathodes) per cell 
a^t 0.75.^11. of 20 per 'cent, caustic soda per hour. Mercury in the cells was purified from 
disint^paten graphite by mechanical means and dilute nitric acid, the total 1o.ss of mercury being 
under a per cent, per year. The evolved chlorine made 40 tom of bleaching powder per week. In 
working the cells cate has to be taken to prevent undue hydrogen formation in the anodic chamber 



ELECTROLYTIC CHLORINE AND ALKALI 375 


(the gases being repeatedly analysed), otherwise explosions may occur. Kershaw {loc. cit.) gives 
the current efficiency as 91 per cent, and the energy efficiency 52.3 per cent. See also Lepsius 
\Iqc, ciL) and English Patents, 16,046, 1892; 10,584, 1893. 

Solvay- Kellner Cell. — Fig. 9 shows a diagram of the Solvay-Kellner cell. 

The carbon anodes A, A, A, a are joined up an .shown, and dip into a strong solution of brine 
which fills the trough XY, the brine entering at S and flowing out at Simultaneously a .stream 
of mercury enters at R, flows along the bottom of the cell and escapes at d, flowing over a “ weir ” 
at c. As the current passes from the carbon electrodes to the mercury, the sodium dissolves in the 



Fig. 9. —The Solvay-Kellner Cell. 


mercury to form amalgam, which is then removed at D, decomposed by steam, forming II gas and 
NaOII, and the recovered mercury is pumped in again at B. Chlorine escapes continually at E. 
The apparatus is thus a continuous working one. The escaping amalgam contains usually 0.2 per 
cent, of Na. The cell can be built in very large units, taking 10,000*15,000 ami^eres (see German 
Patent, 104,900, 189S). 

Rhodin's Cell, stated to be in use in Sault Ste Marie in Canada, consists (Fig. 10) of a circular 
iron trough aa, in which k placed a bell-like vessel bb, through which passes a series of carbon 
ano<les 0,1). The NaCl solution is contained in the bell. The exterior trough aa, ^ 

filled with water, and the bottom of the trough contains mercury, which forms the anode. The 
whole bell slowly revolves, and the quicksilver absorbs the liberated Na as sodium amalgam, which 



is then decomposed by ihe water in the exterior trough, foming NaOH and H (see / 
Elektmkem., igoj, 9 , 366; also German Patent, 102,774, 1896). 

The advantages of the mercury cell are (Lepsius, /oc. a/.):— (i) Very pure 
caustic alkali of^high concentration; (2) high current efficiency; (3 
evolved The disadvantages are (1) High voltage requited (4.3 volts) , (2) cos 
ormeiury ^ tons per plant of kooo H.P,); (3) expense of first cost (apart 

from Hg). 

f,! The Bell Process.— In this process no diaphragms are used, the 
sepiration of the liquors being made dependent upon the superior specific gravity 
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of the caustic soda or caustic potash solution, which then sinks to the bottom, 
leaving the NaQ or KCl solution above. 

Figs. 1 2, : 3, and 14 show the Aussig-Bell Process in longitudinal and in cross 
section (see German Patent, t4t,i87, 1900). Here the anode is enclosed in an 
inverted, nonK;onducting bell, with the cathode outside. In a vessel w stand some 
twenty-five small inverted earthenware “bells,” g,g, coated externally with iron 
sheeting «, which forms the cathodes. Inside each bell is a carbon anode a, 
placed so that only a small space is left between the walls of the bell and a. All 
the bells are connected in parallel, as shgwn in Fig. 1 3. Through an opening V in 
the carbon anode A a saturated stream of NaCl slowly pours out of many small 
holes in the pipe dd into the cell. As it enters, the liquid is subjected to the action 



lonjitudinal Saetion. 
Fig. 12. 



Cross Section. 

Fig. 13. Fig. 14. 

The Aossig Bell Cell. 


of the electric current, and the heavy caustic soda formed sinks downwards and 
fills the trough beneath ; as it does so, it is continually removed by the overflow 
pipe i. The Cl gas escapes out of f. The openings b,b in the bells are used for 
connecting together the gas spaces of the twenty-five small bells, so as to maintsiiii 
internal gaseous pressure the same in each ceil. 

The -theory of the piocers ha* been worked out in detail by 0 . Steiner {Osterr. Cktm. Zdt., 
1907) and F, Chancel (C.B., 1908, 17^). The alkaline cathodic liquors form in the “ ball " sharp 
layers (Fig. 14), ihe d^nitoiess of which most he nuinlained if the process is to work i^eimliy. 
Its portion in th^ cell, also, unist not be altered to any neat extent, a state which can only he 
maintained by continuous worfcmg. For in the process of electrolysis, the neutral sone, if M Ot 
itself, wonld steadSy adrance upwards in donseoMOce of the passage of OH Ions toward the anWhb 
for, as expUined on jx 370, as soon as say KOH is formed, it bwms to lake part in the eleetnl^ 
the K passing Unram the Oitbade and the OH ions tomods As anode ; it it obviimi tl^ la 
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the cathodic liquors, where excess of KOH is present, it is the KOH which is for the greater part 
electrolysed, whereas in the anodic solution above it is the KCl which mainly undergoes electrolysis. 
Consequently, if we were dealing with a stationary fluid, the KOH layer would steadily creep 
upwards towards the anode, and this is only prevented hy a steady continuous feed of KCl solution 
at such a rate as to just counterbalance the rise of the KOH layer, so that the “neutral zone” 
remains in a stationary condition in the cell, neither advancing up the bell nor receding below it — 
conditions which are easily maintained by carefully regulating the voltage and temperature, and the 
inflow of KCl solution, so as to maintain equilibrium. The neutral layer mn^ remain several 
centimetres distant from the anode, and the liquid should not he heated to any great extent. 

The iron cathode must lie close to the bell, and the anode must be perfectly horizontal. 


It has been found that the necessary ‘voltage for efficiently working this process 
is 4-5 volts, while the current-efficiency is given as 85-90 per cent. It yields 
alkaline liquors containing often 1 20 g. KOH fter litre— -consequently much richer 
in KOH than the liquors obtained by the diaphragm process. However, the 
electrolysis of the KCl cannot be carried to completion owing to the growing yield 
of O together with the Cl, also some chlorate is formed. 

One'disadvantage of the apparatus is the smallness of its dimensions, ^ffind the 
care and exactness with which it must be regulated, one necessary condition to 
this being exact horizontalness. Once in action, however, it will keep long at work 
(the graphite anodes having, it is stated, a 
life of five years), and requires but little 
supervision. 

(4) The Fused Electrolyte Process 

is stated to be successfully worked on the 
Niagara Falls (see Haber, Z. Eleklrochemie, 

19031 9i 364)1 and is protected by the 
English Patents, 6,636 and 6,637 of 1898, 
and by the German Patents, 117,358, 

118,049, 118,391, 119,361. It is usually 
known as Acker’s process. Molten lead is 
used for the cathode for collecting the 
sodium, and the resulting alloy of lead and 
sodium is then decomposed by steam to 
form hydrogen and sodium hydroxide. 

Fig. 1 5 shows the apparatus. Four graphitic 
anodes A,AiA,a dip into a 12-15 cm. deep 
bath of fused salt, so that they are only 
separated by a distance of 2J cm. from 
the cathode of molWn lead c, and on which 

the molten NaCl floats. The molten lead is contained in a vessel built up of 
fire-resisting material, the component parts of which are kept fastened securely 
together without mortar or cement merely by the molten ^It penetrating between 
the crevices, and there solidifying, forms the binding material. 

A powerful current of 8,000 amperes, under a tension of 7 volts, the current 
density being 2.9 amperes per square centimetre area, keeps the bath in a molten 
condition, the lead taking up some 4 per cent, of Na, and being then run off 
and decomposed by a blast of steam under a pressure of 2-3 atmospheres. This 
regenerates the lead, which is pumped back into the furnace again, while a 
stream of burning H escapes ; above the lead the NaOH forms in a layer, which 
steadily runs off (about it kg. in one hour) and is absorbed in special vessels. 
The chlorine, mixed with air (10 per cent. Cl to 90 per cent, air), escapes from 
the anode and b conducted to the Hastiulmr bleaching pmvdtr apparatus (p. 394) 
for chlorinating lime. « 

Althomrb at least 50 per cent, more energy and a higher voltage is needed with this ptMCM 
" thsn for the electrolvMS of aqueous solutions, yet this is to some extent compen^ted by the high 
yidd and concenlradon of NaOH, averaging 94 P« cent. The impure salt is directly converted 



Fig. 15.— The Acker Process. 


* At Aussig 25,000 cells are required for 3,000 H.P. 
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into NaOH, which is then fused in iron boilers in order to remove traces of MgO and CaO, which 
are derived from the Ca and Mg salts originally in the salt. The MgO and CaO settle out at the 
bottom, the resulting products consisting of 97.4-97.6 per cent, NaOH and i per cent NagCOg. 

The process was successfully worked at Niagara Falls between 1900 and 1907, when the works 
were destroyed by fire. 

Evaporation and Concentration of the Caustic Soda and Potash. 

— The evaporation of the NaOH liquors, containing as they do much NaCl, is 
carried out in triple or quadruple effect vacuum pans very similar to those used in 
the manufacture of soap for evaporating the soap lyes and recovering the salt 
(see Martin's “ Industrial Chemistry : Organic ”). 

In evaporation, advantage is taien of the fact that NaCl and KCl are very 
sparingly soluble in concentrated NaOH or KOH solution, and consequently, 
as soon as the concentration proceeds far enough, the NaCl separates out almost 
completely, and is separated from the NaOH liquors by forcing the whole through 



Fio. 16. — Vacuum Pan for Concentrating Caustic Soda. 


special filters. Thus (Fig. i6) a represents the body of the vacuum pan, the 
separating NaCl collects in b, which is provided with a transporting screw or worm, 
working automatically, which from time to time forces the deposited salt from B 
through the filter press c, wherein the salt remains behind while the NaOH liquors 
are sucked away into D, whence they are forced back again into a, and the evapora- 
tion continued until the right concentration is attained. 

The electrolytic NaOH of the Badische Anilin- und Soda-fabrik is used largely 
for the alHkrin fusion. Large quantities of NaOH find an outlet in the paper, 
soap-making, and many other trades. 

The electrolysis of KCl with the resulting production of KOH, Cl, and H is 
carried out in precisely the same manner as that of NaCl, and it is possible to 
obtain chlorine-free KOH by first evaporating to 50” B^. (at which temperature the , 
liquor contains 49 per cent. KOH to only 0.6 per cent. KCl— so insoluble is KCl 
in concentrated KOH solution, the substance being oflen put on the market in this 
fortn), and after filtering the separated salt, by further concentration and crystallisa- 
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tion at 6o° C., when the chlorine-free solid hydrate KOH.HjO is obtained. Below 
32' C. the hydrate KOH.aHjO is obtained. 

The industry is especially developed in Germany, where in 1904 some 15,000 tons electrolytic 
NaOH and 28,000 tons electrolytic KOH were placed on the market, the evolved chlorine going 
to make some 60,000 tons of bleaching powder. In Germany two-thirds of the bleaching powder 
made is derived from electrolytic chlorine. In the U.S. A. the industry Ls also highly developed, 
but in the United Kingdom only a beginning has been made. 

The chlorine which is evolved in these electrolytic processes is extremely 
concentrated, as much so as Weldon’s chlorine. It is either directly converted 
into bleaching powder or liquefied. 

The hydrogen, compressed in solid-drawn weldless steel cylinders to 150 
atmospheres, is used for autogenous welding and cutting, for hydrogenating 
unsaturated organic substances, and for filling airships (see this Volume, p. 109, 
et seq.). In Germany it is stated that 10,000,000 cubic metres are annually 
produfced from this source alone. 

Properties of Chlorine Gas. — Greenish yellow, very irritant suffocating gas. 
Sp. gr. 2.5 (Air= i). r vol. water absorbs of chlorine gas (measured at o‘ C. and 
760 mm.) : — 

Temperature - - - • 10” C. 20” C. 30“ C. 90° C. 

VoU. of chlorine .... 3.095 2.260 1.767 0.3S0 

Sunlight decomposes chlorine water, causing evolution of oxygen : — 

Cb + UjO = 2HCI -t 0 . 

Moist chlorine is very chemically active, uniting with H gas explosively in sunlight, 
also with most metals (with exception of platinum), S, P, etc. Carbon is not 
attacked. Ury chlorine is much less active, having no actiorr on sodium or even 
iron. Chlorine is absorbed by sodium thiosulphate, caustic alkalies, lime, etc. 
Powerful bleaching and oxidising agent in presence of moisture, 

For Liquid Chlorine, see, p. 381. 
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In Germany, the production of large quantities of chlorine by electrolysis of 
alkali chloride solution has led to the manufacture of liquid chlorine on a con- 
siderable scale. Liquid chlorine is also made in England by the Kastner-Kellner 
Co. The industry arose from the observation of R. Knietsch (of the Badische 
Anilin- und Soda-fabrik), in 1888, that dry liquid chlorine does not attack iron. 
At the present time the liquid chlorine is sent long distances in large boilers 
mounted on wheels (somewhat similar to the apparatus used for transporting 
petroleum), and is drawn off from below in a liquid condition into storage Vessels, 
from which it is allowed to issue from above as a gas when required for use. 

When however, only small quantities are required, the liquid chlorine 
is preserved in steel cylinders, holding from 80-120 lbs. or more of liquid 

*^*’'°Brraeans of these methods chlorine has been rendered available in a 
convenient form, and is now generally used both on the large and small scale 
for chlorinating organic materials (f.g., in the maimfacture of monochloracetic 
acid for the preparation of indigo (see Martin s “ Industrial Cheinistry 1 
Oraanic”), chloroform, -chloral, carbon, tetrachloride, chlorbenzene chlortoluene 
* ; also for obtaining bromine from bromides. Recently it has been employed 

'“'lSuW chlorine is produced solely from concentrated electrolytic (or Weldon) 
chlorine. Diluted chlorine evolved from the l^acon process is quite unsuitable for 

‘'%he‘conceitralKTorin?If'rstr^ms from the electrolytic cells is cool^ 
!n Mrthenware pines in order to condense as much water and hydrochloric 

Irid^ff^IL is p^e^ent) as .possible; the gas then paS?es through concentrated 
acid (if any p ) h . stands 

"'"I'he SonTS Tpld^down in the limb p of the U-shaped tube a. 
ThU U tube is filled with concentrated sulphuric acid, but the surface of the acid 
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in p is covered with a layer of petroleum. The tube is widened at r in order 
to prevent the rise and fall of the liquid surface churning up the sulphuric acid 
and petroleum therein into an emulsion. The limb s communicates with the 
holder T by means of a valve N and a hole / (which can be wholly or partially 
closed by the screw p). 

A water bath h surrounding s keeps the limb s at a temperature of 5o°-8o’ C., 
so as to prevent chlorine condensing in this part of the apparatus, x is the strong 
glass tube to show the level of the liquid in t. The tube g leads to the condensing 
coil K and the strong steel holder g. The action is as follows ; — When the plunger 
M rises in r the pressure is diminished, gnd Cl gas is sucked iii from the tube bed 
through the valve / into the chamber e. When, however, the plunger m descends 
on the return strpke, the chlorine wljich has entered is driven out of the chamber 
E through the v^ve N into T, the last traces of Cl being forced out of the chamber 
E into T by the excess of acid contained therein. The complete expulsion of the 
Cl from the chamber above e is essential, because in order to liquefy chlorine gas 
it is necessary to compress it to about jj of its original value, so that if only a 
small bubble of chlorine remained in. E this would greatly impair the efficiency of 
the pBmp. The hole I prevents this, for as soon as the pressure decreases in E 



(owing to the rise of the plunger m) a quantity of acid is sucked from T through 
the tube / into this chamber e so as to partially fill it, and consequently somewhat 
less Cl is sucked into the chamber E from / than properly corresponds to the volume 
of the plunger M of the pump. When now the plunger M returns on its downward 
stroke, it Wlows that not only is all the Cl pressed out of K into r, but also the 
e.xcess of sulphuric acid which had entered the chamber e through I is also expelled, 
and this stream of acid forces out the last traces of Cl from' e into t. 

The compressed chlorine passes away from the pump through g into the 
condensing coil k. Here liquefaction takes place, the liquid |)ouring into the strong 
steel vessel o, and then into the steel cylinder v, which stands upon a weighing 
machine. The steel transport cylinders are made of such a size that they 
will hold, say, 50 kg. (about i cwt.) of chlorine. It should be noted that for each 
I 1. capadly not more than i.is kg. of liquid chlorine can be run in, or i kg. 
of chlorine must have allowed it 0.8 1. (The specific gravity of liquid chlorine 
at -10" C. is about r.s.) 1 kg. Cl corresponds to about 300 1. of Cl. These 
cylinders are usually tested every two years up to 22 atmospheres pressure. 

The finn, P. SchlilUe & Co., have placed 011 the market a double-action compressor for chlorine 
‘ and similar very reactive gases, a section of which is shown in Fig. 2. The apparatus is worked 
by compressed air. The whole apparatus is made of acid-resisting cast iron. The compressing 
pistons for the chlorine are formed by liquid sulphuric acid of 60* K. contained in the two vessels V,V. 


LIQUID CHLORINE 


38^ 

The sulphuric acid in these two vessels alternately rises and Mis, being operated by compressed air 
entering through a. When the liquid in v Mis, it sucks in chlorine gas through the valve H ■ and 
when it rises it expels the chlorine gas in a compressed condition (about 8 atmospheres) through the 
valve F, A glass tube (shown in outline) indicates clearly what is taking place in each of the 
vessels v. The chlorine gas, therefore, only comes into contact with the sulphuric acid in v and 
the walls of v (which are often porcelain or lead-lined cast iron). By this means all difficulties as 
regards pistons, stuffing boxes, etc., are avoided. The way that the compressed air entering through 
A causes the sulphuric acid in d and the chambers v,v to alternately rise and fall is as follows The 
coinpressed air rushing in through A into the chamber D forces the sulphuric acid out of n into V 
thereby compressing the chlorine in v and expelling it through P. When, however, the sulphuric 
acid is nearly expelled from d the floater B is left without support, and immediately sinking operates 



Flo. 2. — Double- Action Compressor for Liquefaction of Chlorine. 


a lever which shuts off the supply of compressed air, and sinmltaneously opens the valve G, thus 
allowing the compressed air in r> to escape into the air. The pressure thus falls in D, which causes 
the sulphuric acid in v to rusii back again into D, thus again drawing in fresli chlorine through It. 
The mcehanlsm is so arranged tliat when the sulpliuric acid in one chamber V is rising, the sulphuric 
acid in the other chandler V is failing. 

Liquid chlorine is a yellow mobile liquid, boiling at -34° C. At 15" C. it 
has a vapour pressure of 5.8 atmospheres, and consequently it can be easily 
liquefied either by compressing to 8 atmospheres and cooling with water, or by 
cooling to - 50“ C. by means of liquid (iO... 

The specific gravity of liquid Cl is 1.5950 at -50°, 1.4685 at 0° C., 1.4257 at 
15° C., 1. 3141 at 50° C., 1.2228 at 75° C., and 1.1134 at 100” C. 

For properties of Chlorine GaS see p. 379. 
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and Halske, German Patent, 153,859, 1903. 

Manufacture of Sodium and Potassium Chlorate.— Potassium chlorate, 
KCIO3, and sodium chlorate, NaClO,, form excellent oxidising agents, containing 
the chlorine absorbed in their formation available for oxidising purposes (6C1 = 3O), 
hence chlorates are much used for oxidising purposes in various technical 
processes, in the preparation of dyes, and in cloth printing ; also large quantities 
of chlorate are used in the manufacture of explosives and matches. The chief 
difference between sodium and potassium chlorates is the fact that potassium 
chlorate is only sparingly soluble in cold water, but readily soluble in hot, so 
that it is easy to obtain this substance in a finely crystalline and pure condition. 
Sodium chlorate, however, is easily soluble in cold water as well as in hot, and 
so in cold aqueous solution is somewhat easier to use than potassium chlorate, but 
more difficult to manufacture. 

Two processes of manufacture are in use. According to the old process 
chlorine gas is led into hot milk of lime, and the difficultly crystallisable calcium 
chlorate.thus produced is converted into potassium or sodium chlorate by adding 
excess of KCl (or NaCl). 

The more recent electrolytic process is being largely worked in the United 
States (Niagara Falls), Sweden, and the Alps, where cheap hydro-electric power 
is available. However, the old process at the time of writing is holding its own 
a^inst these newer processes. We will descrike each process in turn. 

Old Process for Manufacture of Chlorates.-Milk of lime is placed 
in a large iron cylinder provided with a stirring apparatus, and a stream of chlorine 
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is led into the'^quid. Heat is evolved, and the liquid spontaneously increases 
its temperature to 4o’-so' C., when the calcium hypochlorite at first formed is almost 
entirely decomposed into chlorate, according to the equations : — 

(I) aCl, + 2 Ca(OH), = Ca(Oa), CaCh + 2H,0. 

C^ciuDi C^ium 
hjpocUorit^ chlorUt. 

(a) 3Ca(Oa), = Ca(CiO,), + aCaO^ ' 

^Icium Caldom 
chloate. chloride. 

Or expressed in one equation ; — 

6CI, + 6Ca(OH)j| = Ca(C10,), + s&Cl, + 6HA 

Towards the end of the reaction a pink colour appears in the liquid, due to- the 
formation of small quantities of permanganate, owing to the presence of traces 
of manganese in the lime. The liquid is now neutr^ised and filtered, and then 
excess of KCl is added, when potassium chlorate is formed and crystallises out : — 

'■ aKCl + Ca(C10j), = aKOOj + CaCl, 

On cooling the mother liquors strongly with special refrigerating machines a further 
crop of KClOj separates. The mother liquors are very rich in CaClj, the technical 
utilisation of which (as in the Weldon and Ammonia-Soda processes^ is one of the 
unsolved problems of chemical industry (see this Volume, p. 341). 

The potassium chlorate is freed from chloride by recrystallisation. The 
preparation of sodium Chlorate difiecs from that of potassium chlorate, owing to 
the fact that it is much more easily soluble in cold water, and thus more difficult 
to separate by crystallisation. 100 parts of cold water at ao* C. dissolve 7.3 parts 
of KCIO, against 99 parts of NaClO^ Hence in this case the procedure is as 
follows ; — To the neutralised and filtered calcium chlorate solution excess of NaCl 
Solution is added, and the liquor allowed to evaporate until calcium chloride, CaCI^ 
separates out in a crystalline state. Now Glauber salt (sodium sulphate) is added 
so as to precipitate the rest of the calcium salts in solution as calcium sulphate:— 

CaCh + Na^o, = CaSO. -t- aNaO; CaClO, Na,SO, » CaSO, -I- aNaaO,. 

The sodium chloride and sodium chlorate in the mother liquors are then separated 
by crystallisation, sodium chloride being much less soluble in water than sodium 
chlorate. 

In practice it is found that about seven times more chlorine b necessary to produce I part of 
potassium chlorate than the same weight of bleaching powder. From the preceding equations it will 
be seen that, theoretically, some five aiths of the chlorine used passes away as the almost worthiest 
CaCI, (practically considerably more than five-sixihsof ihe used chlorine is wasted), but the chlorine 
thus absorbed b converted into the equivalent amount of available oxygen in the resulting chlorate. 
Thb b seen from the equations ; — 

12 CI = 60. 

12 CI + 6Ca(0Hb = CsfaO,), + sCaCI, + 6HA 

Ca(aOJ, = + 60 . 

Manufacture of Chlorates and Perchlorates by Electrolysis.— When 
an electric current is passed through a hot aqueous solution of potassium cblo^e, 
KCl, the current, under certain conditions, can split up the water, oxygen 
evolved at the -I- pole (anode) and bydr(»en at the -pole (Hj0-H, + 0). The 
KCl alflF undergoes dcctm^ition, KOH and hydrogen being produced at tte 
-pole at^ Q at the poahhe pole (KCl-K+Cl; K + HjO = KOH + H). If, 
however, ihei! difiaent products are not automatically separated as formed but 
are lUj^nMuiider such conditiooa that they can all react together at a tempmatun 
ofi^ra»SC+ we get the chlorine absorbed by the KOH formed, formiiw h^ 
^^^ppEOH'faGLo'KOO^KQ4 H,0),and the nascent oxygen also abrotbed 
te d^agibe hypwdikuite to chlorate (KClO + aO-KClOA Also the hreo. 
spanhmeim# decom{x^ into chlorate ( 3 KOCI- KCIO, + aKCl). 
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thus possible, by carrying out the electrolysis of KCl solution under suitable condi- 
tions, to obtain an excellent yield of KClOj, the final result being expressible by 
the equation : — 

KCl + 3H2O = KCIO, + 3H2. 

Practically only traces of free oxygen or chlorine are evolved, 

. Gall and Montlaux (Switierland) were the first (1889-1890) to successfully 
produce chlorates on the large scale by electrolytic processes, and so long ago as 
1900 their, factories at Vallorbe and S. Michel were producing some 3,000-3,500 
tons of chlorate annually. 

The first cells of this firm were provided with diaphragms, and the alkaline 
cathodic liquors were transferred to the anodic compartment by special means. At 
the present time, however, the use of diaphragnis has been given up, and the neutral 
KCl solution is simply electrolysed, using platinum-iridium net anodes with stirrers 
in the cell to bring the chlorine into contact with the KOH produced at the cathode. 


- _ The bath is heated by the passage of ihe current to over 40" C. The bath liquors, when con- 
taining sufficient KClOg, are removed, the KCIO3 allowed to crystallise out, and the mother liquors, 

r 'n saturated with KCl, are allowed to run back into the 
trolyser. 

In Gibb’s Process, as used at the National 
Electrolytic Co., at Niagara Falls, N.V., the tell 
consists of a wooden trough lined with lead and 
divided into a number of compartments. Fig. i 
shows a longitudinal section through the cell. The 
anodic surfaces b are sheet-lead covered over with 
platinum foil. The cathodes consist simply of a 
number of copper wires c, fixed vertically in the 
cell by insulating bars o. f,f are insulating strips. 

A continuous stream of alkali chloride solution is 
led in through G to the bottom of the apparatus, 
and the chlorate produced in the cell, together 
with unchanged KCl and H gas, escapes through 
the openings H. 

The temperature of the bath is kept at 6o°-70° C., when 
the brine flows through the cells at the rate of aS I. per hour, 
while the vieltl from the current is about 70 per cent, of 
theory. The current density employed amounts to 55 
amperes per square metre at the anode, the current going 
through the senes of cells being 1,650 amperes. The works 

at Niagara use's, 000 H.P. from the falls. The escaping liquors must not contain more than 30 per 
cent, chlorate per litre. 



Fig. I. 


-Gibb’s Electrolytic Cell 
for Chlorate. 


In Lederlin and Corbin’s Cell (see French Patents, 226,157 of 1892, and 
338,611, of 1894) a large number of platinum foil electrodes c (Fig. 2), fixed close 
together in ebonite holders b in a tank of cement, are employed. The hot current 
of alkali chloride solution, entering at o, flows between these electrodes c, and so 
is converted into chlorate in the usual way. The solution of chlorates run pff at 
Q. 0 and H are wooden supports for the ebonite holders. This apparatus has 
been successfully employed on the large scale, and has been working since 1895 
in a number of Continental factories. 


Since the formation of potassium chlorate takes place according to the equation : — 

KCl - 1 - 3H2O = + 3II2 

(mIt very little oxygen being evolved through secondary decomposition of water), about J cub. m. 

of hydtoeen E»« is evolved to every 1 kg. KCIO3 produced. , , , , , 

ConSlecable losses of current ensue by the reduction of the hypochlorite formed at first by the 
hvdtoeen evolved at the cathode, and many proposals have been made to overcome this difficulty. 
TWtte addition of 0.2 per cent. aCls (see French Patent, 283,737 j German Patent, 159 . 747 . of 
315« May 1904) or the presence of potassium dichtoraate and HCI (see German Patents, 110,505, 
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of 2gth March 1898, and 136,678, of I2lh April 1901) considerably reduce the loss, possibly owing 
to the formation on the cathode of a thin layer of Ca(OH)j or Cr(OH)„ which acts as a diaphragm 
and prevents the evolved hydrogen too rr^ily hrom coming into contact with the hypochlorite 
generated. When chromate is used the temperature of the bath is kept at 75° C. The United 
Alkali Co. (English Patent, 1,017, *899) add aluminium salts, or clay, or silicic acid to the electrolyte 
for the same purpose; Siemens and Halske (German Paleht, 153,859, of 22nd March 1903) add 
fluorides, while the German Solvay Works (German Patent, 174,128, of nth January 1905) add 
soluble vanadium compounds— all of which processes raise the current yield of chlorate. 

The slight evolution of chlorine at the banning of the electrolysis may he avoided by adding 
ljUH to the bath, a process, however, which diminishes the yield from the current employed. 
Better yields are obtained by keeping the electrolite slightly acid, when the free hypochlorous acid 
formed promotes the formation of chlorate according to the equation ; — 

KOCl + 2HOCI = KClOj + 2HCI. 

The current needed for producing one gram-moiecute (122.5 g.) — 

KCIO3 = 6Ct = = 161 amperes per hour. 

A current of l ampere in twenty-four hours can yield 18.3 g. KCIOj. 

The manufacture of sodium chlorate, NaClOj, from salt (NaCl) is carried out 
just as the manufacture of KCIO, from KCI, but owing to the great solubility of 



Electrode. 

P'lG. 2.— Lederlin-Corbin Electrolytic Cel! for Chlorate. 


NaClOj in water a complete separation of the NaClOj from the NaCl is only 
attained by repeated recrystallisation. 

Manufacture of Perchlorates.— "Tien the percentage of sodium chloride 
in the electrolytic bath falls below 5 per cent, perchlorate, NaClO, is formed, 
together with chlorate, NaClO,; 

NaCl -V 4H2O = NaClO, + 

NaCl + 3 HjO = SaCiOj + jfU 

If the temperature is kept low and the current density small all the chlorate will 
disappear, being converted into perchlorate— 

NaClO, + H ,0 = NaClO, + H4. 

With 1 6 per cent NaCl or more in solution perchlorate is not formed in noticeable 
qiwfaities, and also perchlorate is not formed in hot baths. The conditions of 
fcmation of perchlorate from chlorides, therefore, are dilute solutions of chloride, 
low temperatures, and low current densities. However, in the manufacture of 
perchlorates, usually they are not obtained directly from chloride solutions, but 
the chloride is converted first into chlorate, and then the chlorate so obtained is 
electrolysed into perchlorate. 
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WirAtXti {Chemiker Zeit., 1898, 89) has worked out in detail the best conditions. Assuming 
that the solution only contains chlorates, he finds that these conditions are : — (i) A low temperature 
at anode, (2) an acid solution at anode, (3) current density, 8-12 amperes per square metre, (4) high 
concentration of the electrolyte, (5) artificial cooling of the electrodes. 

Lederlin (German Patent, 136,678, of ipor) adds bichromate to the electrolyte (best by adding 
chromate and then at periodic intervals running in some free HCI). He claims that this procedure 
greatly increasM the yield of perchlorate. Wilson (German Patent, 143,347, of 1902) advises the 
presence of a little free chlorine in the bath. 

Couleru {Chem. Ztit., 1906, 30, 213) states that the electrolysis of the NaCl 
solution is continued until a solution containing some 730 g. per litre of sodium 
chlorate, NaClOj, is obtained— thereby saving the expense of concentrating the 
liquid. A crude sodium chlorate is deposited from this solution, which is then 
redissolved in water, and so a solution containing practically only chlorate is 
obtained, the presence of chloride or hypochlorite being injurious. This chlorate 
solution is then electrolysed for perchlorate, using platinum anodes and iron 
cathodes, the electrolysis being carried out in as concentrated a solution of 
chlorate as possible. 

Any alkali formed is neutralised, and the bath is kept between 8° and A" C., 
a temperature over 25" C. being very injurious indeed. The temperature is kept 
low either by means of cooling coils inserted in the bath, or else the electrodes are 
themselves cooled internally, special refrigerating machines being used for the 
purpose. 

The current density, and also the addition of various substances to the electrolyte, 
does not effect to any great degree the yield, which amounts to 85 per cent, of 
theoretical. The electrolysis should be continued until all the chlorate is converted 
into sodium perchlorate, which, being very soluble in water, does not crystallise out. 
Sodium perchlorate, moreover, is hygroscopic, and so is quite unsuitable for the 
manufacture of explosives and fireworks. It is therefore never isolated as such, 
but is always directly converted into the more convenient and non-hygroscopic 
potassium perchlorate, KCIO,, or ammonium perchlorate, NHJCIO4, by 
adding to the content sodium perchlorate solution excess of KCl or ammonium 
salts (3NH4CI or NH4NO3), and crystallising out. 

1CC104 is only sparingly soluble in cold water, i,ooo c.c. cold water merely 
taking up 15 g. ICCIO4, and hot water some 180-225 g., so that it is very easily 
separated by crystallisation from NaCl, which is much more soluble in cold water. 
1,000 c.c. cold water dissolves 250 g. ammonium perchlorate, and so the ammonium 
perchlorate is somewhat more difficult to free from NaCl by crystallisation ; how- 
ever, as the solubility of the ammonium salt rapidly increases with the temperature, 
in practice not much difficulty is experienced in preparing pure ammonium 
perchlorate. 

The crude salts which crystallise out are washed with a little water, and are 
obtained easily 99 per cent. pure. They are dried with steam, or hot air, at a 
temperature below 100° C. 

In a wet slate the substances are not in any way dangerous ; when dry, however, and mixed 
with oxidisahle organic matter, they may set up dangerous explosive combustion, and accidents have 
occurred owing to workmen's clothing becoming impregnated with the liquors, which have then dried. 

Considerable amounts of perchlorates are manufactured for explosives, per- 
chlorates being better adapted for this purpose than chlorates, both on account 
of their greater stability and their higher percentage of oxygen. 

Analysis.— The amount of perchloric acid is not estimable by titratlon,_as the contained oxygen 
is not active. The amount of metal in the salt is, therefore, obtained in the usual gravimetric 
manner, and so the amount of perchlorate is calculated from this. 
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SECTION XXXIX 

BLEACHING POWDER AND 
HYPOCHLORITES 


By Geoffrey Martin, Ph.D., D.Sc. 


LITERATURE 

Longe. — “ Sulphuiic Acid and Alkali.” 191 3. 

Engrlhardt.— " Hypochlorite uiid Elcktrische Bleiche.” 1903. 

BLEACHING POWDER 

When moderately dry' slaked lime is treated with chlorine in the cold, it 
absorbs some 35-36 per cent, of chlorine to form a dry white powder, which 
possesses strong bleaching and disinfecting properties, and is known as “ bleaching 
powder” or “chloride of lime.” These properties arise from its power of giving 
off the absorbed chlorine again when treated with acids. Although commercial 
bleaching powder usually contains only 35-36 per cent. “ available ” chlorine, yet, 
if the temperature of the lime be kept between 30° C. and 40“ C., a bleaching 
powder containing some 40 per cent, of available chlorine may be obtained. Under 
very special circumstances lime has been known to take up as much as 43.5 
per cent, of “available” chlorine. The actual amount of available chlorine 
in bleaching powder depends greatly on the mode of manufacture, its age, etc. 

Tlie following are typical analyses of good bleaching powder 

P«r Cent. 

0 . 3-0.4 
trace 


Availablt chlorine 
Chlorin* as chlot ide 
Chlorine as chlorate 
Lime 

Mo^sia ' 
Ferric oxide • 


Per Cent 

36-3*- 3 

0.32-0.60 
o.oS-a26 
43 - 5 - 44*5 
0.3-0.4 
0.02-0.05 


Alumina 
Manganese oxide 
Car^tic acid 
Silica 

Water and loss 


0.2-0. 5 
0.3-0. 5 
16.3-17.0 


Ijinge and Schippe made a bleaching TOWder with perfeclly pure lime so as to obtain the 
Teatest absorption possible of chlorine. The sample contained 

AvailabU Murine 
Chiorine as Meridt 
Lime ■ • • • 

CO, - 

HiO (direct estimation) • 

100.73 

tn nSe C L Berthollet, in Paris, discovered the bleaching action of “Javel water,” pranced 
h. Ih. «tin of' Srine on poiih. Watt brought the news to Glas^w, and m Char es 

. C^OHls, und the lime should be as pure as possible. 
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Ca(OH)a was thought to be similar in nature to that which occurs when chlorine is led into 
cold KOH or NaOH solutions, when potassium or sodium hypochlorites (KCIO or NaClO) are 
formed, and so bleaching powder was at first thought to be merely a mixture of CaCla and calcium 
hypochlorite, Ca(C10)2, produced thus : — 

2Ca(OH)2 + aCIe = CafClOlg -K.CaCIg + 2HaO. 

<^cium Calcium 
hypochlorite, chloride. 

However, it seems practically certain that ordinary dry bleaching powder does not contain calcium 
hypochlorite, Ca(C10}^ as such, and the exact constitution of dry bleaching powder or chloride of 
lime” is still a matter of dispute. Balard ^ve it the formula Ca(OCl)s.CaCls + Ca(OH)e; while 
Stahlschmidt proposed the formula Ca(OClHOH).CaCl2.2HjO. However, the formula now most 
favourably received is that suggested in 1^1 by W. Odling, who assumed that the essential 
'component of bleaching powder was the expound Cl — Ca — OCl, which is mixed with uncombined 
lime, Ca(OU)a. 

Commercial bleaching powder is best represented by such a formula as Ca(OCl)Cl + «.Ca{OH)2, 
where «=:nearly that is to say, 2Ca(OCl)Cl + Ca(OH). 

The formation of the compound Cl — Ca — OCl could be regarded as due to the neutralisation of 
lime by a molecule of each of the monobasic acids formed by the action of chlorine on moisture 
prese^ in the lime, thus: — 

.OH HOCl /OCl 

Ca< + =Ca< +2H.O. 

x>H Hci x:i 

It is very probable that Odling’s formula is correct, and that dry bleaching powder does not contain 
any calcium chloride as represented by Balard’s and Stahlschmidt’s formulae, for the following 
reasons (l) The chlorine can be completely expelled from bleaching powder by moist COj at 
70’ C,, whereas CaCL^ is not 50 decomposible. (2) Good bleaching nowder is not deliquescent, as 
it would be if CaCU as such was present in it ; also CaO-i is readily soluble in alcohol, whereas 
alcohol extracts very little CaClg from bleaching powder. (3} Bleaching powder cannot be made 
to take up more than 43.5 per cent, of Cl. 

Although ordinary bleaching powder is regarded as not containing calcium 
hypochlorite, Ca(OCl)2i as such, but rather the compound Cl-Ca-O-Cl, yet this 
only applies to dry bleaching powder. As soon as the bleaching powder is thrown 
into excess of cold water it is decomposed thus 

2Ca(OCl)Cl = Ca(OCl)2 + CaCb. 

Bleaching Calcium CalciuDi 

powder. bypocblorile. chloride. 

The calcium hypochlorite, Ca(C10)j[, arid calcium chloride pass into solution, whilst the unchanged 
calcium hydroxide forms an insoluble layer at the bottom, the solution possessing an intensely 
alkaline reaction owing to* the presence of some dissolved CaiOUlo, which, of course, is a strong 
base. It has been suggested that hydrolysis takes place, thus 

CaiOCifc + HjO = Ca(OH)2 + HOCl. 

The practical application of bleaching powder depends upon the fact that when 
excess of acid is added to the solution, practically all the chlorine is evolvable 
as free chlorine, thus ; — 

Ca(C10)2 + CaClj + H,SO. = aCaSO, + allgO 4- 4CI. 

Ca(CIO).2 + CaClj + aHCl = aCaClj + all.O + 4CI. 

It is probable that the itberation of chlorine by acids is due hrst to the formation of hypocblorous 
acid, HOCl, thus:— 

' Ca(OCl)Cl + HCI = HOCl + CaCI,. 

The hypochioroas acid formed is very unstable and decomposes with excess of acid liberating 
chlorine, thus: — 

- HOCl + IICI = Cl, + H,0. 

Very dilute acid added to bleaching powder liberates hypocblorous acid, HOCl, alone. 

. It is the amount of chlorine thus set free, the “available chlorine” as it is 
called, which determines the technical value for bleaching purposes, 

In bleiKhing with blotching powder or with sodium or potassium hypochlorite, 
the fabric is steeped in a dilute aqueous solution of the bleaching agent, and then 
in dilate acid. Hypocblorous acid, HCIO, is liberated as above described, and 
then free chlorine. The chlorine acts on the moisture of the wet fibre, liberating 
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nascent oxygen (H2O + Clj = 2 HCl + O) which oxidises the colouring matter of the 
fibre into a colourless oxidation product, and so “bleaches” the fibre. 

Treating with acid in this manner causes a rapid and energetic bleaching action 
to take place. However, treating the fabric with a dilute aqueous solution of 
bleaching powder causes a modeftite and even bleaching action, which is accelerated 
by the action of atmospheric COj. 

The bleaching action of hypochlorous acid is generally stated to he twice that of the chlorine 
it contains, supposing that this latter were to be in a free state, as may be seen from the two 
equations : — 

CI2 + HaO = 2HCI + O ; 2HOCI = 2HCI + 2O. 

However, as seen from the equation representing the manufacture of bleaching powder or 
hypochlorites {e.g. , 2Ca(OH)2+ 4CI = Ca(C10)2+ CaClg+^H^O, 2KOH + 2CI = KOCl + KCl 4 - H2O), 
since two atoms of chlorine are required to form one molecule of IIOCl (since an equivalent of 
HCl is formed at the same time), this advantage appears practically to be somewhat illusionary. 


Manufacture of Bleaching Powder. — For the manufacture of good quality 
bleaching powder the lime must be carefully slaked so as to form a dry powder, 
containing about 4 per cent, more water than corresponds to the formula Ca(f)H)2. 
Perfect dry lime does not absorb chlorine at all. The lime should be as pure 
as possible, and is passed through a sieve before use. The chlorine gas should be 
cool and dry, and carefully freed from HCl; it should not contain much COj. 
The presence of a little COj in electrolytic or Weldon chlorine (which is very 
concentrated) does not matter, because CO, acts on the Ca(OH).2 much more 
slowly than the chlorine. Generally speaking, 64 parts of slaked lime yield 
too parts of 36 per cent, bleaching powder. 

For tlie manufacture of bleaching powder two kinds of technical chlorine are 
available— (i) The very concentrated Weldon or electrolytic chlorine, which acts 
rapidly and energetically on the lime. (2) The very dilute Deacon's chlorine, which 
acts less energetically. Entirely different plants are used with these two kinds for 
chlorine, and we will describe each separately. 


I. Manufacture of Bleaching Powder from Concentrated Weldon 
or Electrolytic Chlorine.— The lime is spread In 3 or 4 in. layers on the floor 
of a large “ chlorine chamber,” some 6 or 7 ft. high, 10-20 ft. wide, and 100 ft. long. 
The walls are made out of tarred or asphalted sandstone slabs (asphalt being very 
resistant towards chlorine); in modern practice, however, the top and sides are 
made of sheet lead fastened by straps on timber work, like vitriol chambers. 'The 
entrance is covered over with asphalted iron plates. 1 he layer of chlorine is raked 
into furrows in order to expose a larger surface, and a stream of chlorine is led into 
the chamber from one of the ends of the chamber ; an opening in the other end 
of the chamber allows the air to escape. Two windows allow the interior to be 
viewed and the flow of chlorine to be turned off as soon as the chamber is lull. 
The outlet is also closed when the chamber is filled with chlonne. Phe chlorine 
enters through a pipe placed at one end near the roof of the chamber ; ^ 

heavy gas it Inks downwards, and is at first rapidly absorbed by the lime ; the 
absorption becomes slow and the temperature rises, but great care must be taken 
that Uiis latter never exceeds 25” C. Great excess of chlonne should also be 
avoided, and so usually a definite amount of chlorine is let into the chamber, t e 
chLber is closed and allowed to stand some twelve to twenty-four hours. In 
order to expose a fresh surface the lime is turned over from time to time. Finally, 
before allowing workmen to enter the chamber and remove the bleaching powder 
the last residues of chlorine must be sucked out, either by passing m a stream of 
air or simply by injecting some finely powdered lime dust (Enghsh Patent, 7,199, 
?886 ; V:^“ Twenty-third Report on Alkali, etc., Works,” 58-60), which absorbs 
most of the chlorine. 

A chanlfcr making 10 Ions of 

some 4-5 fWt. of hlow^n ‘„bi/Lt, ^ucing 6 cwt. of extra bleaching powder, and 

le^tfdn" urn hoSs ll 'se^le. Before allowing workmen to enter, the air of tlm chambers 
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(which should be testdd by the works’ chemist) should not contain more than i) gr. of Cl per 
cuUc foot Bleaching powder chambers should have about aoo sq. ft. of chamber space per ton 
of bleaching powder made per week (see ‘‘Twenty-first Report on Alkali, etc., Works,” p. ii, 
for rules). 

The bleaching powder is then packed into very well-made wooden casks (but 
of hard wood) for transport and storage. 


The ends are coated with plaster of Paris to prevent access of air, which soon spoils the powder ; 
the full casks must be stored in a cool, dry place, both rain and sunshine damaging the material. 



Fig. I.— Hasenclever’s Cylinder Apparatus for Bleaching Powder. 


The yield of bleaching powder is usually times the weight of the daked 
lime. 

SmK the rakiiw over and indeed entw of the chlorine chambers by workmen b veiy iaiuriatia 
hr the health, and iw often been attended t» fiual acesdents, many devtces have been nopoeed and 
adopted for miniminng the risks. In some forms of apperetus the lime b laid on perfiffaed itelvei 
of the dilorine chemMn, and the raking of the half-finished bleaching powder b en^y woiked 
from attbide by mediaoical appUancet. Tbeee plants do not leem, nmever, to Imn been 
snccessfid. _ 
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i. Manufacture of Bleaching Powder from Dilute Deacon Chlorine. 

— The diluted chlorine evolved from the Deacon process is not suitable for making 
a good bleaching powder from the chamber process above described, and so an 
entirely different sort of apparatus is usually employed, being known, from the 
name of its inventor, as “ Hasenclever's Cylinder Apparatus” (English Patent, 
l7,ou, 1888). It is illustrated in Fig. i. 

The apparatus consists of six or eight cast-iron cylinders, lying vertically one 
above the other, of length some 1 2-20 ft., each provided with a feeding worm \v, 
which is kept revolving slowly by means of the cog-wheels z. The slaked lime 
IS poured in at a into the topmost cylinder, and is gradually moved downwards, 
as indicated by the arrows, from cylinder to cylinder until it finally escapes from 
the bottom cylinder at b. Meanwhile the Daacon chlorine, freed as much as 
possible from HCl and COj,, is passed at c into the bottom cylinder, and streams 
along in a direction opposite to 'that of the moving slaked lime, finally escaping 
at the topmost cylinder by the pipe n. The chlorine is all absorbed by the lime, 
and there escapes at-n a practically chlorine-free gas. The bleaching powder is 
let out from b from time to time into a wooden cask situated below. Since chlorine 
gas might attack the iron work of the spur wheels, the latter are painted with BaSO^ 
(Blanc fixe). Each of the cylinders is provided with a number of lids k,k, which 
can be removed when the apparatus becomes blocked up, or when some other 
disturbance necessitates the interior of the cylinders being inve.stigated. 

By this apparatus no danger results to the workmen (as in the chamber process), 
because they do not come into contact either with the lime dust or with the 
chlorine fumes. The resulting bleaching powder contains about 36 pet cent, of 
available chlorine. 

The apparatus cannot Iw used for the production of bleaching powder from concentrated 
chlorine, such as comes from the Weldon or electrolytic processes, Irecause the lime would heat 
up too quickly. 

Deacon’s Apparatus consists of chambers provided with large numbers of 
shelves; the lime is spread in i-in. layers on these shelves, and the chlorine 
allowed to circulate over them in such a manner that the strongest Cl comes into 
contact with nearly finished bleaching powder, and the last gas, containing only 
traces of Cl, is passed into fresh lime. 


Manufacture of Pure Calcium Hypochlorite. -Pure calcium hypo- 
chlorite, CafClO),, has recently been manufactured by the Griesheim-Elektron 
Company (German Patent, 188,524, of 27th April 1906) by sl^'ly Passing chlorine 
gas into a cold aqueous milk of lime, filtering the liquid, and evaporating the still 
Saline liquid in vacuum when colourless crystals of Ca(C10).2 separate. These 
are washed and dried in vacuo when a dry white powder. Tree from moisture 
and water of crystallisation, is obtained m which no less than 80-90 per cent, of 
the chlorine present is in the form of available chlorine. It is claitned that this 

SI meShS'"The“?yrta!s, Tnot fa^dMepriveTof water.‘ lose much chlorine. 

ftom effective u«.a “""e amoum of Tcblomt into the liquid 

the ordinary solutions of bleaching po the Ca(OHh*^ing up chlorine and being 

rtef '^^«’^er?'s?r^n^ Su,fons%e must first of all 
converted into CalClOls. Hence, m p ^ quantity of slaked lime, when a precipitate 

add to a chlorinated J'"'' is ’^sed m until the precipitates are dissolved 

oectttaof the above com|Wunds; then chlonne^ Bv^e^tiim the addition of lime and leading 

ypoB by the obr^J ^dom solutions of almost any stren^b 

C ^ solutions favours the 

oyilalliMUon. 
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Valuation of Bleaching Powder. — For typical analyses of bleaching powder 
see p. 391. Bleaching powder is a very unstable substance. It is decomposed by 
atmospheric moisture, the carbon dioxide of the air acting as a feeble acid as above 
indicated (p, 391). It even decomposes slowly when kept in a well-stoppered bottle 
The loss of available chlorine on storage in a cool, dark place (where it is at a 
minimum) amounts to \ per cent, to | per cent, per month. In sunlight the loss is 
much more rapid than this, and is attended with the evolution of oxygen. The 
solution is much more unstable than the dry solid, decomposing on warming 
in two different directions, as represented by the two equations : — 

3Ca(C10)j = CatClOjb 4 aCaOj ; Ca(C10)s = CaCla 4- 2 O. 

It is, of course, very important to determine the amount of “available” 
chlorine present in a sample of bleaching powder. 

This is done as follows ; — 

A weighed quantity of bleaching powder is thoroughly ground with water and made up to a 
measured volume by dilution with water. This solution is then titrated by adding excess of Ki 
solution. On adding acetic acid, chlorine is liberated from the bleaching powder, which sets free its 
equivalent of iodine (CL, + 2Ki=2KCl4-h), which latter is then titrated in the usual way with 

N 

starch and sodium thiosulphate. i,oQoc.c. of sodium thiosulphate used up correspond to 35. 5 g. 
of available chlorine present. 

Another method is to titrate the bleaching powder solution with decinormal sodium arsenite 
solution, the end of the reaction being determined by means of starch, and Ki used as an outside 
indicator. When the titration is complete a drop of the liquid, removetl and placed on paper 
impregnated with starch and KI, will no longer give a blue stain. The amount of siKlium arsenite 
solution used up is related to the amount of bleaching powder by the following equalion 
Ca(OCl)Cl + NajAsO, = NajAsO, + CaCI... 

N 

In other words, r,ooo c.c. of j sodium arsenite solution used up correspond to 35.5 g. of available 
chlorine. , 

In some works, especially in Germany, bleaching liquids are obtained on the 
spot as required, by passing chlorine gas (evolved from liquid chlorine in steel 
cylinders) directly into milk of lime. &>metimes a solution of bleaching powder 
is treated with solutions of sodium, magnesium, or aluminium sulphates, when 
strong bleaching solutions of sodium hypochlorite, magnesium hypochlorite, or 
aluminium hypochlorite are obtained. These solutions bleach in alkaline solution 
somewhat more rapidly than bleaching powder (calcium hypochlorite) solution, but 
they cannot be obtained in the solid form (see, however, p. 395), 

Use of Bleaching Powder as a Disinfectant.— A solution of bleaching 
powder is a very valuable disinfectant. One part of bleaching powder will, in 
three hours, sterilise 2,000 parts of ordinary sewage. 

Electrolysed brine (see p. 402) has been used as a disinfecting fluid. It is claimed that it is 
cheaper (even if produced by the local authority) and more effective than most other materials. 

Electrolytic Bleaching. — When an electric current is passed through a 
solution of common salt without the intervention of a diaphragm, so that the liquids 
around the cathode and the anode are free to mix, wc do not get chlorine gas 
evolved as such, but rather a solution of sodium hypochlorite is produced by the 
interaction of the nascent chlorine evralved at the anode and the caustic soda 
produced at the cathode, thus ; — 

2 NaOH + 2 CI = NaCl 4 NaOCl + IljO. 

This solution may then be run off immediately and used for bleaching purposes. 

Within the last twenty years this method has largely displaced the use of 
bleaching powder in certain works, and the process is said to ^ rapidly extending. 
The process was first brought to a commercially successful issue by Hermite and 
Keltaer, and on the Continent the plants most in use are those of Schuckert, 
Kellner, and Ottel. 

It is usual to electrolyse a 10 per cent, neutral salt solution, keeping the liquid 
cool by special arrangements. The best electrodes to use are platinum-iridium 
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(since hypochlorites attack most other substances rapidly), and for success it is 
essential that the electric current “density” should be about 1,000-1,500 amperes 
per square metre electrode surface. At first a yield of hypochlorite of over 90 per 
cent, is obtainable by the electric current employed, but this soon sinks (on account 
of the reducing action of the evolved hydrogen at the cathode) until it becomes 
impossible, without the expenditure of very large amounts of electrical energy, to 
obtain solutions containing more than 3 per cent, of available chlorine. With low 
current densities much of the hypochlorite is reduced by the nascent hydrogen 
evolved at the cathode to chloride, NaClO-l-aH^NaCl-hHjO, whilst at the anode 
the NaClO tends to oxidise to NaClOj (see p. 386). Much better yields are 
obtained when some CaCh is added to the solution, and when concentrated NaCl 
solutions are used. For example, a 20 per centwNaCl solution can yield a liquid 
containing 3 per cent, available chlorine, with a yield of 50 pet cent, of that 
theoretically obtainable from the current employed, whereas a 10 per cent. NaCl 
solution, with the same expenditure of current, will only give a liquid containing 
2 per cent, available chlorine. However, the concentrated NaCl solutions use up 



Bipolar Llectrcxle. 

2.— Kellner’s Electrolylic Cell for Hypochlorites- 


more NaCl than the more dilute, and in practice it seems to be more economical 
to employ 10 per cent, solutions rather than more concentrated ones. Moreover, 
careful cooling of the liquid must be resorted to, otherwise a great loss of hypo- 
chlorite results owing to its conversion into chlorate (see p. 386). 


The sullied of the foiiuation and preservation of hj-pochlorites in solution was altackerl by 
Muspratt and Smith in 1898 and 1899. By passing chlorine into (he strongest i»ssiUe sdulion 
of NaOH, ihcv obtained needle-shaped crystals of the fonnula haClO.hlfjO. They showed that 
in order to obtain a highly concentrated solution of hypochlorite the temperawre musr not ea^d 
2f C. and alkali must be always present in excess, and be so concentrated that any NaCl foimed 
is^ precipitated (NaCl and KCl are very insoluble to concentrated NaOH or KOfl solutions, see 
D \l»). They showed that solutions containing mote than 35 g. available chlorine P« v v. 
will not keep. The presence of iron salts causes the decomposition of concenumed hypochlorite 
solutions, attended by the evolution of oxygen and the formation of soluble sodium ferrate , m 
uenetal. other salts did not cause this oxygen solution. 

^ oTl cr workers who have investigated the subject are Forster an^d Jotre, Lunge and ^do t 

We- will now briefly describe some of the more successful apparatus in use for 
producing electrolytic bleaching liquids. 
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Kellner’s Process. — This is one of the oldest and most successful processes 
(see German Patents, gg,88o, 1894, and 104,442, 1896). The electrodes consist, 
of glass or nonconducting plates covered over with wire, bantte or strips of platinum- 
iridium alloy. A non-conducting plate A (Fig. 2) of glSs or similar material 
has its surface penetrated by numerous holes, a, a, a, a, through which fine ]platinum- 
iridium wire is drawn so that the surface of the plate looks as if it were covered 
with a wire network. The holes are then carefully cemented up with non- 
conducting material. In some forms of the apparatus the glass plates are simply 
wound round with platinum wire. 

The plates so formed are placed vertically in a stoneware or glass trough, side 
by side, as shown in Fig. 2, only a narrow space being left between the successive 
plates. These plates slide into vertical grooves in the sides of the trough, so as to 
divide the cell into a number of compartments. The whole apparatus is filled 
with NaCl solution, and an electric current is led through the liquid by means of 
two conducting plates b,b, placed at the extreme ends of the apparatus. Fig. 3 
shows a modem form of this electrolytic cell. The brine enters through two inlets 
a,a pthced at the bottom of the vessel, and flows up between the wire-covered 



plates G,G,G, which form the electrodes, escaping through the slits s,s in the walls 
of the trough. e,e are the two terminal electrodic plates where the current enters 
and leaves the apparatus. The brine flowing up from the bottom of the cell from 
a,i2 between the wire-covered plates g,g,g,g is subjected to the action of an electric 
current flowing between each pair of plates, and thus a considerable amount of 
hypochlorite is produced. The brine used is usually 10 per cent. NaCl solution, 
and the drop in the voltage between each two successive plates of the apparatus 
is usually some 5-6 volts; in the apparatus just illustrated (in which thae are 
twenty cells) the potential difference between the end electrodes e,b is usably 
about iitTvolts, with a current of 120 amperes. One of the intermediate wire- 
covered plates of the’ apparatus requires some 150 m. of platinum-iridium wire of 
o.i mm., diameter, or 75 m. on each side of the plate. 

It ma be tbowh that this «S(e of thin wire gives an extraordinary high current denrity. S-f., if 
we assmue that only half the siullce of the wire is eScctive (vii., that Tadng the opposite etecGrade 
oif a cdl h aad o^ectim the parts of wire in the grooves and other non-cfrect|ve parts of the (dates, 
we well see that the emctive surface carrying the cnnent of 120 amperes is only 0.1177 iq. to., 
givi# a density of, .{0,200 amperes per square metre. This h^ current densi^ is an essential 
coii^ion for jMWcesi in producing hypochlorites. 
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TTit method of using this electrolytic cell, e.g., for bleaching purposes in, the 
textile industry, is indicated in Figs. 4 and 5, which gives the plant of Siemens and 
ffalskt. s is a chamber filled with salt through which a stream of water trickles. 
The brine solution thus obtained flows out at the bottom of the salt holder, through 



Fig, 4.— Siemen’i and Halske’s Apparatus for Electrolytic Bleaching. 


a filter cloth, and then through a leaden pipe 0, into a tank m, where it is 
mixed with water in any required volume in order to bring the biine solution 
up to its correct strength for use. From m mixed brine is let down into the 
storage reservoir n. By means of a tap k it is from time to time allowed to 
fill a tank p, which contains a cooh'ng worm of hard lead (so that the brine in p 



Fio, 5 Siemen’s and Halske’s Apparatus for Electrolytic Bleaching. 


can 'be kept at as low a temperature as is convenient). Just above p is fixed 
the electrolpc cell e, which we have just described. Through the electrolytic 
cell K the centrifugal pump (Fig. 5) sucks the brine along the pipe b and then 
■ forces it through the pipe i (the tap c being turned so as to shut pff the pipe v>,d} 
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into the bottom of fte dectrolyser e, where it rises up i een the wire-cowted 
dates; and, after beijig subjected to the action of the cn^tne currmt, flows 
out of the apparatus ti^ough. the slits s io the sides, the tmuid failing ba^ > 
mio ie tank Pi . Tfiedrculation of brine through the etedroyser | lEmrat^ed 
until the ^per petcenti^ of active chtorine.is attaine^.wbi^ the t|p <| m 
tum^ so as to cut off / and the electrolyser a, at the ^me tinui op^hg com- 
municfttion between the pipes d,d and #• The pump then forces the acdve 



Longitudira) Section. 

Fig. 6,— Haas and Ottel’s Cell for Electrolytic bleaching. 


brine out of the tank p, up through u into the storage tank /, where it is run 
off, as required, for bleaching purposes. 

A considerable number of firms in ihc |)apcr trade and textile industry use Ibis plant, especially 
in Germany. 

Haas and Ottel’s apparatus (see the German Patents, 101,296, of 17th May 
1896, and 114,739, of 3fd February 1900) consists of two earthenware vessels, one 
a large one v,v and the other a smaller one a,a, placed within the large vessel just 
below the level of the brine which fills the large vessel. The smaller interior vessel 
a, a has a number of wire electrodes, as in the previous system, stretched over a 
number of vertical plates. t,t,e show these electrodes, which arc separated from 
the base of the vessel and the top by non conducting supports, pj>. e-f.^ afe 



Fig. 7.— Schuckert'sCell for Electrolytic'' Bleaching. 


the two terminal elertrodes through which the current flows. Between each com- 
partment of the interior vessel a, a is a small hole /, which maintains communication 
between the brine in the outer vessel s', n and that in the interior vessel. The action 
is as follows The current, entering at e, and emerging at flows through the 
successive electrolytic rompartments of the interior vessel, and the brine is 
electrolys^ Partly owing to the rise of temperature produced by the passage of 
the electric cunmt through the liquid, and p^y owing to the rise of hydi^en 
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bubbles, the brine inside the successive compartments of the interior vessel becomes 
specifically lighter jhan the brine iv ■’ exterior vessel, and rises up to the surface 
;betj^ the wa&'^pf the compartmente of th^, interior vessel. Thus a current is 
bite® from ootsidf! this holes at the bottocn of the interior 

frsing up' Hwween the electrolytic plates of the interior vessel, and escaping 
at the surface; thus aH the brine in the exterior vessel in time streams through 



Longitudinal Section. 


Fig. 8. — Schoop’s Electrolyser. 

the interior vessel and is electrolysed. The cooling coil k keeps the brine in the 
exterior vessel as cool as possible. 

Fig. 7 shows Schuckert’S apparatus, as used by the Sieniens-Schuckeit 
Werke. This is also stated to be very successful in practice. The two stoneware 
troughs Zj and z.^ each contain nine cells, each with an electrode of platinum wire 
(+ pole) and a graphite (-) electrode. The current passes in at n and comes 
out at the terminal k, the tension between h and E being about no volts, which, 


+ 



Fig. 9.— Schoop’s Electrolyser. 
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as dipping into the various compartments of K. The liquid emerging at d finally, 
contains some 2 per cent, of active chlorine, and for use the liquid is diluted with 
water until it contains some 0.2-0.5 per cent, active chlorine. The apparatus is 
described in the German Patent, 141,724 (1902). 

0 

Schoop’s Apparatus, as described in the German Patents, 118,450, of 1899, 
and 121,525, of 1900, electrolyses a stream of brine gradually flowing down a 
number of nanow channels, the walls of which contain the electrodes, formed 
of fine foil projecting into each chamber (see Figs. 8^ 9). The process is success- 
fully worked in several works in Germany. 

Other processes, all of \s’hich have been practically worked with more or less success, are 
described in the German Patents : — ' 

K. Kellner, D.R.P., 165,486, of 6th November 1902; W. Kolher, D.R.P., 180,562, of 
15th August 1905; A. Vf^elsang, D.R.P., 205,110, of 9th March 19065 G. Thiele, D.R.P., 
205,087, of lUh July 1906 (who adds to the NaQ solution some CaOg and an organic sulphur 
compound (not aromatic) of high molecular weight, thereby obtaining a liquid with over 5 per 
cent, ^ctive chlorine in it). 

Solid Sodium Hypochlorite, containing 60 per cent, available Cl, and melting at 43” C., 
has been prepared (see Muspratt,yM</w. Soc. Chem. Ind., 1903, p. 592. See also p. 397). 

Hjpodilorites as Dismfectaiits.— Like bleaching powder (p. 396) hypochlorites can be 
used for disinfecting purposes, a solution containing lO per cent, ol available chlorine being 
twenty-five limes as effective as phenol. 

Recently Dr Dakin and Dr Carrel have used hypochlorites with success in treating wounds. 
A solution of sodium hy'pochlorite, carefully neutralist with boric acid to remove alkahnity, and 
to reduce the irritant action of the original solution, very' rapidly dissolves away necrotic tissues and 
sterilises even very hadly infected wounds. This cheap and powerful disinfectant is very easily 
prepared. 
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THE BROMINE, INDUSTRY 

By Geoffrey Martin, Ph.D., D.Sc. 

LITERATURE 

Geoffrey Martin and Ernest Dancaster.— “The Halogens.” Vol. 8 of “Modern 
Inorganic Chemistry.” Edited by Newton Friend. 1915. 

Small quantities of bromine occur in many silver ores, but much greater quantities 
occur associated with potassium, magnesium, calcium, sodium, etc., in various 
mineral waters, springs, and in sea water. The waters of the Atlantic Ocean contain 
0,007 per cent- Bb while in the Dead Sea 0.42 g. Br per litre is present. 
However, the largest sources (and practically the only technical sources) are the 
saline deposits of Stassfurt, which contain about 1 per cent, of magnesium bromide, 
and the mineral springs in Ohio, which contain from 3.4-3.9 per cent, of magnesium 
bromide. 

Manufacture.— The bulk of the bromine placed on the market is made at 
Stassfurt from the mother liquor remaining after the separation of the potassium 
salts contained in the salt deposits (see p. 332). The residual mother liquor 
contains about 0.25 per cent, of bromine in the form of magnesium bromide, 
MgBrj, from which the bromine is liberated by treating with chlorine : — 

MgBrj + CLj = MgClj + Br, 

The apparatus how employed at the Leopoldshall Chemical Works (German 
Patent, 19,780, of 1882) i.s shown in Fig. i. The bromide-rich mother liquors 
pour through the pipe a (which has a water seal at m), through a sandstone drum 
b over a perforated plate e, whereby it is uniformly distributed over the whole area 
of a tower a filled with glass or earthenware balls, which expose a large surface area 
to the percolating liquids, 

A stream of chlorine gas, issuing from the still D (in modern works the still 
is replaced by a cylinder of liquid chlorine, which affords better control of the Cl), 
pours through the chamber B up the tube d (which is sufficiently wide to allow 
of the simultaneous passage of the chlorine gas to the tower a, and the waste liquors 
from A to the chamber b) into a, where it meets with the descending stream of 
bromide-rich liquors. Bromine vapour is set free, which, ascending, escapes by the 
tube o through the condenser E, and collects as a liquor in the bottles f, the last 
traces of bromine and chlorine being removed by the vessel o, which contains iron 
filings kept moist by a stream of water. 

In order to free the waste liquor flowing away from a completely from all traces 
of bromine and fluorine, it is allowed to flow into the chamber b. In order to 
escape from B the liquor must flow over sandstone shelves in the direction of the 
arrows, and while so doing is subjected to a current of high-pressure steam blown 
into the apparatus through the pipe c. The chlorine and bromine are completely 
driven out of the liquid, escaping with the excess of steam up the pipe d into the 
tower a. The chlorine and bromine free liquid flows away by the pipe /. 
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An improvement on this apparatus has been patented by Wtinsche and Saaerbrey (German 
~ Patent, 150,715), the apjmatas consisting of cast-iron elements, of hexagonal section, lined with 
stoneware plates and provided with several thousands of specially deugned contact bodies resting on 
gratings, the apparatus being so arranged that a perfect counter-current is attained.' This apparatus 
requires 0.6 kg. of Cl for every 1 kg, of Br made. Only 3-5 kg. of Br in the form of iron bromide 
are necessary for removing the Cl from 100 kg. of the crude Br produced. 

Kubierschky (German Patent, 194,567) has designed a very efficient plant of 
a somewhat different type (see Fig. 2). This consists of a tower lined with stone- 
ware and divided into several superimposed compartments, which are provided with 
perforated plates. The divisions between the compartments are water sealed, so 
that liquids can pass, but not gas. The mother liquor, which has been previously 
heated, enters the tower at the top apA, and, in its descent, is met by the chlorine, 



Fig. I.— Bromine Plant uf the Leopold Chemical Worhs. 


which is introduced into the lower end c and passes upwards through the tubes, 
which are so arranged that the gas enters each compartment at the upper end, then 
descends, together with the hot mother liquor, and enters the vapour pipe l^ing 
into the tmt higher compartment, and so forth. Steam is introduced into the 
lower comjartment, and" follows the same course as the chlorine. By this arrange- 
ment und^cuirents, which are certain to be formed when a direct upvrard current 
is used, are avoided. The bromine leaves the tower at n, and is condensed in an 
earthenware coil. It is then purified in the refining tower, in which it flow* <fown- 
wards into a vessel containing boiling bromine. Most of the chlotine is driven 
off through the tower, and the purified bromine is syphoned off. 

In tome American works (he mother lioiiors, after the extraction of sodiuin chloride, ate 
coacentratcA and diatiUed arith mlphar^c acid and potaasfnin chlorate in itoneware retorts. Ihe 
, lihented tnomine is condensed in l«d condensers and pnrilied by redistHlation. 
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MftnufftCtUrC by Hlectrol3^ic Process. — In this process mother liquors 
are electrolysed in open vessels, using carbon electrodes. The magnesium bromide 
MgErj, is decomposed by the electric current before the magnesium chloride 
1 he bromine is thus separated. 

Proce^ have been devised by Dow, PemscI, Hopfner, Wunsche, Nahnsen, Ko.ssuth, and 
j employ diaphragms to effect the separation, with the exception of Kossuth. The 
pwWed remains dissolved in ihe liquid, and must be separated by distillation and 

Purification. --The crude bromine thus obtained is always purified by redistillation, small 
quantities of chlorine present being removed by the addition of ferrous bromine or calcium bromide, 
wnen the chlorine displaces the bromine from combin^on, setting the latter free. 

^metirnes the Hquid b purified without chemicals by fractional distillation (see German Patents, 
174,045 and 205,448), the more volatile portions (1-4 per cent, of distillate) which contain any 


iA 



FiCt, 2.— Kubierschky’s Plant for Bromine Manufiicture. 


Cl or chlorine bromide being collected separately. If anhydrous Br is needed it is distilled over 
concentrated H«SOj. If I is present this is removed by treating with a Ca salt, Ca^Ig being 
precipitated. 

In the preparation excess of chlorine should be avoided, otherwise much chlorine bromide is 
formed* 

Properties of Bromine.'— A heavy, mobile, dark red liquid of sp. gr. 3", 1883 
at 0* C. It freezes to a brown crystalline mass at - 7“ C. Boils at 59“ C. The 
liquid has a disagreeable smell, attacking the eyes and the mucous membrane 
of throat and nose. It is poisonous, producing painful sores on the skin, which 
are difficult to heal. 

100 g. of water dissolve 4.3 g. Br at o’ C, and 3.2 g. at 20’ C., but it is 
much more soluble in organic liquids such as ether, carbon disulphide, chloroform, 
acetic acid, etc. It resembles chlorine in properties, but is not so energetic, and 
is displaced from its compounds by chlorine. 
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Uses. — Bromine is used fairly largely in the colour industry and other 
branches of synthetical organic chemistry, also in metallurgy, photography, and 
especially in the manufacture of medicine, where bromides and other derivatives 
of bromine are of considerable value. It is used as a mild oxidising agent and also 
as a disinfectant, it being for the latter purpose ‘absorbed in kieselguhr (which 
takes up 75 per cent, of its weight of Br), and sold as “ bromum solidification" 
(German Patent, 21,644). 

Bromide of Iron, FegBr,, is made at Stassfurl, serving as a raw material for the manufacture 
of sodium or potassium bromide. Steel wire and turnings are treated in a closed stone trough with 
Br vapour and steam at a ten^rature of 170" C. When the temperature fulls to 100° the brown- 
red solution of h'e3Brg is run off into transport barrels, where it is allowed to crystallise. 

Bromine Salt, NaBrO^-f aNaBr, is mar^ by saturating concentrated NaOH with Br, draining 
off the mother liquor from the resulting solid salt, and adding NaBrO,, (electrolytically prepared) until 
the above composition is attained. The mixture is then ground and packed in kegs. It is used in 
the extraction of gold ores. 

Potassium Bromide, KBr, is made (t) by running a concentrated solution 
of iron bromide (FcjBrg, see above) into a hot concentrated solution of KjCOj, 
until the resulting liquid is almost neutral, or at most, faintly alkaline. 100 parts of 
iron bromide require 56-60 parts of potassium carbonate. Iron hydroxide is 
precipitated and KBr goes into solution. The liquid is boiled, filtered from 
the precipitated iron hydroxides, evaporated to dryness, lixiviated with sufficient 
water to take up the soluble KBr and leave undissolved the difficultly soluble 
KjSOj; concentrated to 1.53 sp. gr. at a boiling heat, then allowed to evaporate 
at a very gentle heat, when hard crystals of KBr separate. The crystals are 
washed and dried at 4o‘-5o’ C. (not above). Any chloride in the bromide cannot 
be easily removed, hence the necessity of employing chlorine-free bromine. 

Formerly KBr was made by saturating KOH with Br, evaporating with a little 
charcoal to destroy any KBrOj formed ( 6 Br-t- 6 K 0 H = 5KBr-hKBr0j-l-3H30), 
then lixiviating with water and separating the KBr by crystallisation. 

About 1 20 tons of KBr are made annually in Germany, and the same amount 
in U.S.A. 

Properties.— White cubes, too parts H„ 0 , dissolve 62 parts KBr at 15' C. 
M.P. 750* C. Volatilises at higher temperatures. 

Uses.— In photography and in medicine. 

Statistics.— Bromine was first manufaciuted at Stassfurt in 1865. The following figures show 
the output 1—1865, ij tons i 1885, 260 tons. 

Considerable quantities ate also manufactured in America from the biomine-rich springs In Ohio 
and elsewhere 1—1885, 1 20 tons ; 1902, 230 tons. 
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THE IODINE INDUSTRY 


By Geoffrey Martin, Ph.D., D.Sc. 


LITERATURE 

Geoffrey Martin and Ernest Dascaster.— "The Halogens,” forming Vol. S of 
“Modern Inorganic Chemislry.” Edited by Newlon Friend. 1915. 

Newton.— ^/rJMerj. Saf. Ckem. Ind.^ 1903, 22, 469. 

G. G. Henderson. — Article, " Iodine,” in Thorpe’s " Diet, Applied Chera.” Vol. 3. 1912. 


Iodine (I= 126.92) is a fairly widely distributed element, occurring, combined with 
metals, in small quantities in the soil, the sea, sea plants, and animals. Certain 
sea plants, especially the deep sea weed, Fucut palmatus, possess the power of storing 
up a considerable amount of iodine, and from these plants a portion of the iodine 
of to-day is obtained. The deep sea plants contain more iodine than shallow 
sea plants. 

This is shown by the following table, which gives the percentage of iodine in the dried plant 


Per Cent. 


Cut weed 1 

Fu(us fihm 


0.0894 

from 

,, visuuhsm • 


• 0.001 to 0.0297 

shallow 

„ serraius 


0.0856 

water ' 

,, astophyl nodosum • 


traces to 0.0572 

Drift weed 
from 

deep water 

Laminaria digitaia {sUm) 

„ „ (fnnd) 


p p 

SO 

^ Caa 

„ sUnophylla 

,, soFcharina 


0.4777 

0.23100.2794 


Consequently the manufacture of iodine from .shallow water weed has been 
largely abandoned in favour of drift weed from deep water. 

The bulk of the iodine of commerce, however, is now derived from crude Chile 
saltpetre or caliche, NaNOy The mother liquors remaining after the NaNOj has 
crystallised out contain 5 20 per cent, of sodium iodate, crude caliche containing 
0.2 per cent, of iodine. 


Manufacture of Iodine from Caliche.— The mother liquor remaining 
after the crystallisation of the sodium nitrate is treated with sodium bisulphite 
solution, and the iodine separates out in a solid form 

aNalOj + 5N1HSO3 = 3NaHS0, -I- aNajSO, + H4O + b. 

The solid iodine is settled, washed, pressed into blocks, and purified by 
sublimation in iron retorts, the vapours condensing in a senes of earthenware 
receivers. 

An account of the process is given by Newton [/mrn. Sk. Ckem. /«rf., I903i 22, 469), from 

by' mtbg Together some 85 parts of impute sodium nitrate, 
I« wts of fine cmI, and vrater. The mixture is made into a comial mound, surroundrf by a trench, 
oniflmlted The crude sodium carbonate thus obtain^ is made into a saturated solution, s^Hed in 
an iriu tank, and then sulphur dioxide gas is blown through the liquid by mrans of a stom blower. 
The sulphur dioxide gas U made by burning native sulphur on an iron plate in a sulphur furnac 
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(see Section XX., pp. 254*356 for modem sulphur burners), which consists simi^y of an iron oren 
with a flue passing from it to the cyluidrical task. The sulphur dioxide is pas^ into the crude 
sodium carbonate until it is all converted into sodium l^ulphite. The bisul|flnte solution Is then 
run into the reservoir tanks^ which ore placed a foot above the level of the luge lead-lined (or. 
pitch-coated) wooden precipitation ” tanks, which are about two-thirds filled with ibt final mother 
liquor obtained during the puriflcaticm of ^e nitrate, and 'which contains all the sodium io^te. 
The bisulphite solution is next run into these “preci{Mtation” tanks, the liquids being thorouj^y 
stirred by means of wooden paddles or by air forced in through perforated pipes in the bottom of 
the tanks. Iodine is precipitated according to the foregoing equation. It is collected and 
removed, the last traces which remain after the bulk has removed being collected means 
of a calico bag at the end of a stick. The io^ne is then water-washed, filter-pressed, and sublimed 
in iron retorts. These consist of horizontal cast-iron cylinders, tapering at one end to a ccmical 
form. The outlet, which is 6 in. in diameter, is connected to a series of eight or ten ordinary 
earthenware drain pipes (or aludells similar to those used in the manufacture of iodine from kelp) 
which are luted tr^ther by clay. Many difierent variations of this process have been suggeited. 
Sometimes SO^ gas is pas^ directly into the mother liquors, and any iodide, Nal, rem^iug is 
decomposed by addict chlorine water. Sometime the iodide — especially in liquors very poor in 
this substance — is directly precipitated as cuprous iodide, Cu^I^, by adding CuSO^ and FeSO^^ the 
CU2I2 is then distilled with MnO^ and H^04 and Ure I distilled over. Sometimes the Co^e is 
heat^/vith HgSO^ and ferric oxide (see German Patent, 20^501} : — 

Cu-jla + + aFcaOj = Ij + 2CUSO4 + 4 FeS 04 + 6H3O. 

Hiectrolytic Iodine- — Attempts have been made to prepare iodine electrolyti- 
cally (see Rink, German Patent, 182,298) from the caliche mother liquors. 

The anodic compartment contains as anode a carbon plate immersed in a concentrated NaCI 
(or halc^en salt) solution. The cathode contists of an ircm plate immerse<l In a slow-moving stream 
of the liquor to the electrolyser. Separating the anodic from the cathodic space is an asbestos cloth 
diaphragm. Under the influence of the electric current the iodine ions pass away from the cathodic 
space to the anode and are discharged into the concentrated solution of halcgen salt, which possesses 
an extremely highly developed power of dissolving iodine. The anodic liquors with the iodine 
therein is run off from time to time and the iodine expelled therelrom. If no diaphragm is used for 
separating the anodic and cathodic spaces, a process analogous to the Bell process (see p. 375) is 
usM, the less dense cathodic liquors being separated from the heavier anodic liquors by Iheir 
specific gravity. 

Parker and Robinson (English Patent, 11.479, ^ solution of alkali iodides, aeidiBed 

with sulphuric acid, in an electroblic cell, which is divided into two compartments by a diaphragm, 
and provided with a carbon or platinum anode and an iron cathode. An electric current is sent 
through the fluid, and the iodine which is liberated at the anode is collected, washed, and dried. 

Manufacture of Iodine from Seaweed.— The seaweed (chiefly Laminaria 
diptata and L. iUnophylta) cast up in the spring after stormy weather on the 
coasts of France and Ireland, Scotland and Japan, is dried in the sun during the 
summer, and is then burnt in large heaps in shallow pits ; the ash ' may contain 
from o.t 0.3 per cent, of iodine. 

Since much iodine is lost by volatilisation during this burning process, Stanford, in 1862, 
subjected the weed to destructive distillation in closed retorts, the whole of the iodine remaining in 
tbensh, while the Ur and ammbniacal liquors were also recovered. However, the cost of plant and 
Ihel rendered the process unremunerative. 

Next the ash is lixiviated, and the iodine passes into solution as KI. The 
catbon remaining after the lixiviation of the ash resembles animal charcoal, and is 
used for similar purposes. 

Several processes have been worked in which the plants are not carbonised at all. In one process 
the plants are stated to be simply directly lixiviated, the residual apparently unaltered plwts being 
converted into “algin,” a gelatnious substance used as a substitute ht isinglass, bladder skins, etc. 
In another jmucess the punts ate heated with dilute sulphuric add or other add; bei& again, 
previous carEbnustion is avdded, and the residue of seaweed is utilised as manure. Sumoid 
heated the weed with Na,CO,. 

There results from tbe lixiviation (which is systematicaily carried out) a con 
centiated solutitm of tdkali carbonatW, sulphates, chlorides, sulphites (traces) 


' According to Ernest A. Dancaster, in this eoontn the term kelp is applied to both tbe weed 
and the ash, ahhongh the latter is also known as kdp adi. In France the term weeh is 
api^ to all seaweed (the word beii% allied to out word wrads), and the hotnt tdies an known 
as condies de vandi. 
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sulphides (traces), bromides, and iodides of the allcali metals. The solution is 
evaporated, and the chlorides, carbonates, and sulphates allowed to crystallise out. 
The mother liquors then contain the bromides and iodides. This liquor is then 
worked for iodine by the following processes : — 

* 

(r) Excess of HjSO, is added to decompose sulphites and sulphide, and after 
removing any separated crystals, the liquid is run into a hemispherical iron boiler 
mounted in brickwork over a Are, and fitted with a leaden hood provided with 
a still head (Fig. 2).' Manganese dioxide is thrown in, and when the tempera- 
ture reaches about 60° C. iodine is evolved, and, escaping through the still head, 
condenses in a series of glass or earthenware receivers termed “udells.” The 
joints of the apparatus are luted ^as-tight by clay. The iodine distilling over 
condenses in the earthenware or glass condensers or “udells.” When no more 
iodine comes over, the stills are connected with another set of receivers and WoullFs 
bottles, and more manganese dioxide is added. Bromine is evolved, and is thus 
collected separately from the iodine. The equation representing the change is 
thus :«•- 

MnO., + aXal + 3H.,S0, = 1. -T aNaHSO, -r MnSO, -t 2 H 2 O. 

MnOj + 2 XaBr + 3 HjS 0, = Br. + aXatlSO, + MnSO, -I- 2 II 2 O. 



Fio. 2. — Iodine Still. 


The iodine thus obtained is impure, containing chloride, bromide, and cyanide 
of iodine. It is purified by sublimation as above described. 

(2) Other processes are to heat the liquor with sulphuric acid and ferric 
chloride, FeClg, with sulphuric acid and nitric acid, sulphuric acid and chlorate, or 
bichromate, etc. All the oxidising agents liberate the iodine from the liquid. 
Sometimes the calculated amount of Cl gas is led into the liquid when iodine is 
precipitated. However, the chlorine must not be in excess, or iodine chloride 
would be formed. 

When the liquid is very poor in iodine, it may be precipitated as cuprous iodide, 
Cujij, by adding ferrous sulphate and copper sulphate to the liquid. From the 
Cujij the iodine can then be liberated by heating with sulphuric acid and 
manganese dioxide. 

(3) Occasionalljr a process of extraction with organic solvents is resorted to. 
Thus, after liberating the iodine by adding sulphuric and nitric acid, the liquid 
is agitated with petroleum naphtha or benzol, when the iodine dissolves, and the 
pemoleutd or benzol layer of iodine is then separated from the aqueous layer, and 
shaken up with an aqueous caustic soda, whereby the iodine is fixed as iodide or 
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iodate of sodium, and so is withdrawn from the hydrocarbon. The petroleum or 
benzol is drawn off, and the iodine is then liberated by HCl thus ; — 

5NaI + NalOa + 6 HC 1 = 6NaCl + 3H2O + 3I2. 

More recently, instead of using a volatile solvent, the use of vaseline oil (the heavy oil from 
Galician petroleum) has been used for extracting the iodine. The liquor containing the iodine is 
treated with vaseline oil in such a manner that those portions of the liquor from which the bulk of " 
the iodine has already been extracted are treated with fresh vaseline oil, which takes up all the 
iodine out of the liquor. Also those portions of the vaseline enriched in iodine come only into 
contact with the iodine-rich liquors. In this way efficient extraction is secured. 

Next the oil is distilled with steam ; the iodine coming over, the oil is left behind and used again. 

In general, one ton of carbonised seaweed yields 10-12 lbs. of iodine.- 

Iodine from Phosphates.— Thiercelin {Bull. See. Chem., 1874 (2), 22, 435) places a mixture 
of equal quantities of iodine-rich phosphate, sulphuric acid, and water in a vat, and keeps the mass 
well stirred. The iodine is liberated and passes over into a condensing chamber. 

Purification. — Commercial iodine always contains traces of chlorine, and 
bromine, either chemically combined or in solid solution. The purificatic,. is 
best effected by dissolving the resublimed iodine in a concentrated solution of KI, 
when it dissolves to a dark solution, possibly containing the compound K’j. On 
adding excess of water the iodine is precipitated, and is washed and dried. The 
dry iodine is then mixed with solid KI and slowly sublimed. The sublimate 
consists of practically pure iodine. Pure iodide can also be obtained by heating 
cuprous iodide, Cujij, to about 240" C. in a stream of air. 

Properties. — Pure iodine is a dark bluish-black, lustrous, crystalline solid. 
Atomic weight of 1=126.92; M.P., ii6.i*C. ; B.P., 184.35'; specific gravity of 
solid, 4.933 at 4° C. ; vaporises slowly ; very sparingly soluble in cold water, 
too vols. of a saturated solution at 25* C. contains only 0.32 g. of iodine. At 
15’ C. I part iodine dissolves in 3,750 parts of water, and in 2,200 at 30”. It is 
much more soluble in a concentration solution of KI (where it possibly forms the 
component KIj), and also in alcohol, ether, acetone, chloroform, benzene, carbon 
disulphides, and other organic solvents. The tincture of iodine of the Pharntacopaia 
contains ^ oz. iodine, i oz. KI, and i pint of rectified spirits. Potash or soda at 
once decolorises a solution of iodine, forming potassium iodide and iodate, thus 

3lj -r 6KHO = 5KI -f KIO3 -f 3H8O. 

With concentrated HNO5 iodine is oxidised to iodic acid, HIOj. 

Test.— Iodine produces a splendid blue colour with starch paste. The blue 
colour disappears on warming the solution, but reappears on cooling. 

Alkali Iodides.— (i) In order to produce potassium iodide, KI (or sodium 
iodide, Nal), the usual process is to add iodine in small portions to hot KOH 
(or NaOH) and evaporate. A mixture of potassium iodide, KI, arid potpsium 
iodate, KlOg, is obtained (Nal or NalOj if NaOH is used). The niixture is next 
mixed with carbon and ignited, which decomposes all iodate, and the iodide is then 
extracted with cold water and crystallised out. Improvements on this method 
of manufacture are suggested in the German Patent, 138,008. 

(2) In another process the formation of iodate is prevented by allowing iodine to 
act on alkali in the presence of a reducing substance such as potassium thiosulphate. 
The following change occurs 

KjSA -f loKOH -k 81 = SKI -k zKjSO, -k sH^O. 

Sometimes sodium carbonate is used : — 

NajSjO, -k sNujCO, -k 81 = 8NaI -k aNasSO, k sCOj. 

On evaporatii^, the K,SO, or Na^SO, is easily separated by crystallisation from 
the much mote soluble iodides. 
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Statistics relating to Iodine.— Most of the iodine at Resent produced comes from the mother 
liquors of the sodium nitrate fcaliche) works of South America:— 


1879 

77*35 tons 1 

1904 

1881 

200.06 „ 1 

1905 

1890 

• 419-74 .. 1 

1966 

1900 

- 306 -13 . . 



458.31 tons 
564*20 „ 
351-20 „ 


Chile alone exported in 1904, 9,961 Spanish cwt. 

The amount of iodine fu^uced from seaweed is small, being principally worked in France, 
Norway, and England. However, In recent years Japan has b^n to make large quan^ties ol 
iodine from seaw^, and if the U.S.A. seriously attempt the recovery of potash from seaweed on 
the Pacihc coast on a large scale, an impc^tant additional source will be added to those exiting. 
The following figures give the Japanese ^port K 1 {potassium iodide) in kin (i kins 1.3 lbs.) : — 


1902 1903 1904 

3.051* 22,371. 52,012. 


The following statistics relate to the German import and export of iodine : — 


Year. 

Total Import. 

Imported from 

Quantity in 
Tons. 

Value in 
Million Marks. 

Great Britain. 

Japan. 

Chile. 

1890 

138 

3-7 

77 


4 J 

1900 

236 

5-4 

no 

6 

too 

1904 

270 

6.0 

50 

20 

170 

1905 

377 

12.8 

60 

20 

200 

1906 

297 

S-8 




1907 

147 

2.6; 

27 

17 

76 

1908 

194 

3-5 

55 


112 


The German export of iodine in 1901 was 30 tons. In 1907 it rose to 44 fons. 

Germany exports large amounts of finished iodine products, fine chemicals cpntaining iodine, 
as shown by the following figures 


Germa.n Export op Iodine Prei aratioxs 



Total Import. j 

Year. 

Quantity in 

Value in | 


Tons. 

Million Marks. | 

1890 

106 

2,9 

1900 

> 3 * 

3.0 

1904 

170 

4.2 

1905 

170 

5-3 

1907 

'45 

2-5 
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SECTION XLII 

THE HYDROFLUORIC ACID 

industry 

By Geoffrey Martin, Ph.D., D.Sc. 

LITERATURE 

Geoffrey MARTtN and E. Dancaster. — “The Halogens,” forming Voi. 8 of 
“ Modern Inorganic Chemistry.” Edited by Newton Friend. 1915. 

A. G. Bfirrs. — Eng. and Min. Joum.,, 1907* P* * 53 * 

Zellnkr.— “Die kiinstlichen Kohlen.” Berlin, 1903. 

Aqueous hydrofluoric acid, HF, is usually obtained by heating calcium fluoride, 
CaFj, with concentrated sulphuric acid:— CaF2 + H^S04 = CaS04+2HF. In 
recent years the technical importance of hydrofluoric acid has considerably 
increased, as it is used on a fairly large scale for the purification of artificial 
carbon and graphite, in dyeing, in etching glass, in the brewery, etc., and 
consequently considerable improvements have been effected in the apparatus 
for preparing this substance. Many factories which prepare acids for use in 
chemical industry have their own special plant for producing hydrofluoric acid. 

Manufacture.— Fig. t shows a small scale apparatus for preparing aqueous 
HF. A leaden retort a, on which a leaden head b is cemented, has placed 



Fig. I.— Small Still for Hydrofluoric Acid. 


within it a mixture of calcium fluoride and oil of vitriol. On heating the gaseous 
mixture HF is evolved and passes into a leaden receiver c, which contains a vessel 
of water d, best made of platinum, in which the HF condenses. The tube g serves 

as air and gas exit. . i- r. i 

On a large scale, however, it is usual to use iron stills. Fig. a shows a large 
scale plant, working according to the Eckelt vacuum process. 

« is a semispherical cast-iron pan, some a m. in diameter, and some 3.5 cm. 
to 4.S cm. thick. This serves as the HF generator. On this stout pan 
rests a hemispherical leaden lid b. The lead of the semispherical lid is held 
rigid by being soldered over a framework of iron bands, which nui toother 
to a ring at the top, to which U fastened a ring d which serves to hit the hd 
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when necessary. The lid is i cm. thick, and has at the base a broad 12 cm. 
flange, which fits exactly over the similar flange belonging to the iron pan beneath, 

and which forms an . air-tight 
joint, the two flanges being 
' securely clamped together by 
strong screw clamps. 

The thin lead sheet is turned 
up on the edge e, so as to form 
a sort of trough, which is kept 
filled with running cold water, 
which serves as a condensing 
arrangement and keeps the 
leaden cover from becoming too 
hot. 

The heat of the furnace be- 
neath might otherwise overheat 
the lead and cause it to melt. 
The cooling water flows in and 
out through special funnels. 

Inside the lid is a protecting 
sheet of lead which runs round 
the periphery of the inside of the 
lid, and projects over the iron 
pan. 

It serves to protect the latter 
from the cold dilute sulphuric 
acid, which keeps condensing on 
the leaden lid, and would other- 
wise run down the cast-iron sur- 
face of the lower pan, and rapidly 
corrode it. 

The cast-iron pan is set in 
brickwork in such a manner that 
it is protected from the direct 
action of the flames. The hot 
gases come into contact with the 
metal at the opening h, and in 
order to prevent the cast-iron pan 
burning away locally at h, the 
whole cast-iron pan a is turned 
through an angle of 60“ after 
every second charge, by means 
of iron hand grips attached to 
the iron pan. The tendency to 
burn is fairly pronounced, be- 
cause towards the end of the 
operation solid crusts of calcium 
sulphate separate. Some 800- 
900 kg. of fluorspar is placed in 
the iron pan a, then some 1,200- 
i,3ookg.orconcentrated sulphuric 
acid is run out of a lead-lined 
tank (using compressed air to ex- 
pel the acid) w into the iron pan a. 
The HF vapours escape up the 
leaden tubes s and /, any sulphuric acid simultaneously carried over with the gas being 
condensed in the coil /, which is immersed in a lank of running cold water, and flows 
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back again through the tube « into the pan a. The HF gas escapes and passes 
into the leaden vessels x,x^, which are filled with water and connected together 
at the bottom in two sets of three by means of the tubes y^. Each set of three 
vessels is placed in a tank filled with a running stream of cold water, being 
immersed right to the base of'their necks. In the first two of each set of 
three the tubes do not dip below the surface of the water, so that the absorption of 
gas in the water takes place at the surface only. In the last vessel, however, 
the entry tube t dips into the water, so that the gas has to pass through the water 
before issuing out into the vacuum apparatus. This provision is necessary in 
order to avoid the necessity for using a very high vacuum to work the condensing 
arrangement. The acid gases escaping finally from the last vessel x are led into 
absorption towers (each about 2 m. high by t m. diameter), of which the first 
contains milk of lime or caustic soda solution, and the second is filled with dry 
slaked lime, placed on wooden gratings.'' The inside of each tower is well tarred 
to make it acid-resisting. 

The gases then pass out, free from all acid fumes, into the cylinder /, wjjence 
by means of the vacuum pump they are fbrced out into the air through a long tube 
In general, to every set of absorption vessels there are two hydrofluoric acid 
generating stills employed, the absorption being regulated by the valve at r. It 
takes about forty-eight hours to work off a charge. 

Bctt (sec E»gitu 6 ting and Mining Jmmal, 1907, p. 153} describes another process which is 
in use in various parts of the world. Shallow cast-iron pans arc provided with lids, which are 
hermetically sealed by means of concentrated sulphuric acid. All the condensers, etc., which 
consist of leaden vessels, stand totally immersed in water. The charge is 1,000 kg. of ground 
fluorspar to t,000-t,200 kg. concentrated sulphuric acid (66“ Be.). 

All these methods .suffer from the defect that a crust of calcium sulphate sets on the bottom ol 
the decomposing pans, causing great difficulties. Several efforts have been made to overcome these 
defects. The proposal of L. Meyer (German Patent, 142,931, 1900) deserves mention. The retort is 
fixed in a furnace, and the decomposing pan consists of an iron trolley, running on wheels, which can 
be moved in or out of the furnace as desired. The fluorspar and sulphuric acid are mixed cold to a 
syrupy mass in this trolley, which is then tun into the retort, the door shut, and the distillation 
carried out in the usual way. When the distillation is finished, the door is opened, and the trolley 
run out, while another similar trolley, freshly charged, is run in again. So that neither time nor heat 
is lost between the separate charges. A similar apparatus lor making acetone is described in Martm’s 
“Industrial Chemistry ; Organic,” Gernian Patent, 134,977, in the Section on “Wood Distilling”), 

Sodium or pota.s,sium bisulphate (NaHSO,) or (KHSO,) may be used instead of sulphuric acid 
in decomposing CaF^ (see German Patent, 1 16,848). 


Purification. — Technical hydrofluoric acid solution invariably contains hydro- 
fluorsilicic acid, H.^SiFj, derived from the silica, SiOj, almost invariably present 
in the commercial fluorspar, CaFj, used. It usually contains, as well, some 
H.,S04, HCl, SO,, As, Fe, Pb, Ca.'etc., derived from impurities in the materials 
used in the manufacture. 

K. F. Stahl {Zeit. angeiu. Chtm., 1896, 9, 22^ , Jmrn. Amer. Chem. Soc., 18, 
415) gives the composition of the commercial acid as follows 


HF 

HsSiF, 

HjSO< 


• 39.6-54.2 per cent. 

• 2.7.14.9 M 

o.g-4.o „ 


By repeated distillation an acid of constant composition and boiling point may 
be attained (at 75“ min. and in” C. B.P. the acid contains HF = 43.2 per cent., 
according to Deussen, ZAt. anorg. Chem , 1906, 49, 207), but the 
pure acid can only be obtained by special chemical treatment, as with distillation 
the HjSi F„ simply goes over with the acid. 

So, 173 ; Journ. Chem. [2], 7 (1869), 36S) purifies commercial by 
mtil it contains less than 40 per cent. HF (with more than this H^S will 
in excess of HsS (to precipitate the Pb, As, etc.), adds more than enough 
1 all the HoSiF, and H,SO, present (which precipitates most of the 
the liquid, removes anv HjS present, by adding AgjO or AgF or AgjO, 
iden retort, leading the vapour through a platinum condenser into water 

contained in a platinum basin. 


Gore (Phil. Trans.. I8( 
diluting the technical acid u 
not precipiate lead), passw 
of KjCOj to combine will 
HsSiF, as KjSiF,, decants 

•awavl flaan fmtn B 



T 1 «! put* »cid must not come into oonluct with Pb. 

»eu fr— «♦ ifMnn., thim eoniwrt thetcrf loto KF.HF b)r Malp? Rr, Mtt tOW ury 


- The part acid must not come into oonuct wiin lu f 
1S9, SS. I«J) treat r#> KMnO, then conmt Ihe^id into p. 
^is compound and deeomp(^ it by heating in a jwtinum retort :• 


See also Moissan (Jm. Cktm. Php., [6], 34 (1891), iV). Tke P“" « “*'» Ia»^Wy 

prepared by heating the salt KF.HF. ^ 


Properties.— The aqueous acid is a highly corrosive, dangerous liqtud, 
contact of the vapour with the eyes and skin being highly dangerous. The acM, 
and some of its s^ts {f^., NH^F), are principally used for etching glass, acting on 
the SiOj of glass as follows ; 


4HF 4 SiO, = aHjO + SiF,. 


The SiFj escapes as a gas. It is acted on by water thus : — 
3SiF« 4- sHaO = H,SiO, + oHjSiF,. 


V&cording to W. WInteler {Zeil. angew. Chm., 15, 33, 1902) the density of the 
aqueous acid at 20° C. is given by the following table : — 


Per Cent. HF. 

Sp. Gr. 

“B 6 . 

Per Cent. HF. 

Sp. Gr. 

•K. 

I 

1.003 

o-S 

26 

1.092 

12.0 

t 

3 

1.007 

t.OII 

1.0 

^•5 

27 

28 

1.095 

1.098 

12.4 

12.7 

4 

1.014 

2.0 

29 

l.IOI 

13.1 

5 

1.018 

*s 

30 

I.IQ4 

13-4 

6 

1.023 

3.0 

31 

1. 106 

13-7 

7 

1.027 

3 -S 

32 

1.109 

14. 1 

8 

1.030 

4-0 

33 

t.lI 2 

14.4 

9 

t.035 

45 

34 

1.114 

' 4-7 

10 

1.038 

S-o 


1.117 

15.0 

II 

■ 1.041 

S -5 

36 

I.I 20 

> 5-4 

12 

1045 

6.0 

37 

1. 122 

IS? 

U 

1.049 

6.5 

3 » 

I. 2 S 

16.0 

14 

1.052 

7.0 

39 

1.27 

16.3 

15 

loss 

Z -5 

40 

1. 130 

'll 

16 

1.059 

S.O 

4 * 

1 . 1.33 

16.8 

*7 

1.062 

8.4 

1 42 

1. 136 

17.2 

iS 

1.066 

8.8 

43 

1.138 

■75 

<9 

1.069 

9-3 

44 

I.I 4 I 

17.8 

20 

1.072 

9-7 

i +5 

■ ■143 

i8.t 

21 

1.076 

lai 

i 46 

i.140 

18.4 

22 

1.079 

10.5 

47 

1. 149 

18.7 

*3 

1.0S2 

10.9 

48 

I.I52 

19.0 

24 - 

1.086 

"•3 

49 

I.154 

19.3 

rS 

1.089 

11.7 

1 

1. 157 

• 9-5 


Eckelt ifihem. Zeil., 1898, 22, 225) gives another table which differs in some 
respects from that given. The density of aqueous HF may be determined by using 
an ebonite pyknometer with ends which screw off and on (see Zellner, Monath , 
18, 749, 1897). With acids which are not v^ strong, a simple metal floating 
hydrometer may be used, the metallic surface being painted over with a hard pitch. 

borage and Transport— Large quantities of the aqueous acid may be 
transported in vessels of lead (see Stahl, Zeil. atigetv. Chem., 1896, 9, 225, and also 
Eckelt, Chem. Zeil., 1S92, 16, 17). It may also be transjwrted in cast-iron veswls, 
or glass vessels coated internally with guttapercha, bakelite, etc. Small -quantities 
are usually kept in indiarubber, ebonite, or guttapercha bottles (see Bendikt, 
Chem. Zat., 1891, 15, 881). ^sks made of paraffin wax or ceiesin are also 
luitable. 
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U^.--Formerly HF was used almost solely for glass etching. The glass is 
covered with a layer of wax, the portions to be etched being uncovered by removing 
the wax with a sharp instrument. The acid, when applied (either as vapour by 
gently W^II^, or else m an aqueous solution), leaves a sharp mark. Ammonium 
ttuonde in HF solution is also used for dull etching glass. 

More recently, however, the importance of HF has greatly increased owing to its 
use in other directions ; t.g., considerable quantities are used for purifying artificial 
^phite from SiOj, etc. (see Zellner, “Die Kunstliche Kohlen,” Berlin, 1903). 
In dyeing, double fluorides of antimony are widely used as a substitute for tartar 
emetic. In the spirit and brewing industry HF is used extensively on account 
of its antiseptic eflect, yeast being not nearly so sensitive to the acid as other 
organisms, and so the fermentation proceeds more uniformly when HF is used 
(see Martin’s “Industrial Chemistry: Organic”; also Effront, Bull. Soc. Chem., 
'® 9 °i [sl 4 i 337 )- Stahl (Zeit. angew. Chem., 1896, 9, 225) recommends the 
use of a 1-2 per cent. HF solution to open out petroleum bores, and also for 
cleaning iron castings from sand (SiO^), and also for cleaning copper articles. 

Dilute aqueous HF has been used for removing the weighting matter? from 
silk (see Zeit. f Farben und TexiUhemie, 1903, 2, 160, 210, 261; Gnehm and 
DUrsteler, Farberei. Zeit., 1906, 17, 217; Ristenpart, 18 (1907), 273). 



Hydrofluorsilicic Acid, H^SiF^.— This acid is obtained by leading silica 
tetrafiuoride, SiF^ (which is evolved by allowing silica to act on HF ; — 
SiOj + 4HF = SiF^a- 2H2O), into water;— 3SiF^+ 4H2O = H,SiO, f aH^SiFg. Gela- 
tinous silicic acid is simultaneously produced. H2SiF,. is thus produced when- 
ever the gases evolved by treating material containing fluorides with siliceous 
materials and concentrated sulphuric acid are led into water. Thus large quantities 
of HjSiF, and its salts are obtained as by-products in the superphosphate 
industry (see Vol. II. of this work, under Manures). Natural and artificial 
phosphates, often containing considerable amounts of fluorides and siliceous 
matter, are in this industry treated with concentrated sulphuric acid in order 
to produce the phosphate in a soluble form, suitable for manuring purposes. 
The gases thus evolved in the furnaces (which contain SiF4, free HF, H^O, COj, 
etc.) are sucked out and are led into large condensing “ dens or chambers (of 
100 cub. m. capacity), best built of pitchpine and provided with a number of 
dividing walls, against which the gases impinge. The steam and SiF^ here con- 
" dense and react according to the equations : — 

aSiF, -t 4H,0 = sHjSiF, + H^SiO, ; SiF, + iHf) = 4HF + HsSiO, ; sHF -t SiF, = HjSiFj, 

The gases not absorbed in the first -chamber pass out into another similar 
absorption chamber, in which the gases come into contact with a spray of cold 
water (steam does not react so well with SiF^), and the gases not absorbed here 
escape by means of a tall chimney into the air. 

VOL. I.— *7 
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A more efficient system of absorbing the SiF^ containing gas is that 
devised by Paul Kestner, Dvisseldorf (see Figs. 3, 4, and 5). The gases from the 
pan wherein the phosphate is treated with H^SO^ pass by means of the pipe A 
into the space B. This contains a rapidly rotating “centrifugal atomiser" c, 
which fills the whole chamber with a fine spray pr mist of water particles. This 
cools and partially absorbs the entering gases, which then pass on through the 
“turbo-atomiser” e. This consists of a fan wheel E, which is built up of small blades 



Elevation. 


F 10. 4 — Superphosphate Den. 


after the manner of a turbine In the centre of this fan is a rotating “atomiser” 
which ejects a fine spray of water through the rapidly rotating blades of the 
surrounding fan wheel e, and thus causes the gas coming from the chamber b 
to be so thoroughly churned up and mixed with water that complete absorption 
of the acid components follow, the escaping gases passing away quite free from acid 
fumes through a chamber f provided with bmfles, and so out to the chimney. The 



water, falling as drops, flows away from f in the form of a solution of fiuorsilicic 
acid, the liquors containing gelatinous silicic acid in suspension. The liquid 
IS passed through a filter press and then stirred up with NaCl solution, when there 
separates out a white gelatinous precipitate of sodium silicofluoride, Na,SiF., 
which IS produced thus : — -j w 

aXaCI + HjSiF, = NiqSiF, + 2HCI. 

fills Na^SiFg, when washed over with cold H.O, dried, and passed through a 
sieve, contains >Ia2SiF4 = 98.6 per cent., NaCI = o.7a, SiOs-o;54, HjO-0.14. 
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It is sold to enamelling works, and finds some application in the manufacture of 
“milk ’’glass. 

HgSiFfl is also obtained as a by-product when earthenware vessels are treated with HF in order 
to increase their porosity, high tension steam being afterwards blown through them (see Prior, Zeit. 
angew. Chem,, 1903, 195), or when graphite is treat^ with HF (to free it from SiOg). See also German 
Patent, 105, 734 ( 1 898). The German PAent, 1 16,848, describe a process for manufacturing the acid. 

Properties. — HjSlF^ is a strong acid: it attacks the skin. When concentrated 
it is hygroscopic, and attracts moisture from the air until a certain definite con- 
centration is attained. The acid, when boiled or evaporated, volatilises without 
a residue. 

Uses. — The acid now finds considerable application as a disinfectant, for deliming 
skins in tanning (Martin’s “Industrial Chemisti^’: Organic”), and in the electrolytic 
precipitation of lead. Its sodium salt is used (see above) in enamelling and in the 
manufacture of “ rnilk ” glass. Fluorsilicates (fluates) are now used as a hardening 
agent of certain cements used in building “Artificial Stone” (see Vol. II.*of 
this work). 
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SECTION XLIII 

PEROXIDES AND PERACIDS 


By G. W. Clough, D.Sc. 


I.— PEROXIDES 


A PEROXIDE is an oxide containing more oxygen, combined with a certain weight of an element, 
than is contained in the highest basic or acidic oxide of the element. The true peroxides, or 
suptfOzides as they arc frequently called, differ from the “faUe” peroxides or polyoxides in 
that they yield hydrogen peroxide as a product on treatment with excess of water or a dilute acid. 
Since hydrogen peroxide possesses acid properties in aqueous solution, the superoxides may be 
regarded as salts of hydrogen peroxide. In consequence of the ease with which they are converted 
into the parent substance, they find wide application as oxidising, bleaching, and disinfecting 
agents. 

Sodium Peroxide, NajO,, is manufactured by passing a current of air, 
carefully freed from moisture and carbon dioxide, over slices of sodium resting 
on aluminium trays which pass through a tubular iron vessel. The tem^rature 
is maintained at about 300“. The oxidation is effected slowly by applying the 
principle of counter-currents ; the fresh sodium comes into contact with air 
poorest in oxygen, whereas the fresh air first passes over the almost completely 
oxidised material (German Patents, 67,094 and 95,063). The hydrate, NaoO^SHjO, 
s prepared by mixing sodium peroxide with six to eight times its weight of 
powdered ice or snow. 


Properties. — Commercial sodium peroxide is a pale yellow powder containing 
92-98 per cent. Na^Oo. It is exceedingly soluble in water, which at the ordinary 
temperature decomposes it, yielding s^ium hydroxide and oxygen. Although 
sodium peroxide only evolves oxygen at a high temperature, it is a vigorous 
oxidising agent, usually causing organic materials to burst into flame. An aqueous 
solution (i per cent.) is eiflployed for bleaching textile fabrics, but in the case of 
animal fibres (silk and wool) the soda formed must be neutralised with dilute 
sulphuric acid. Sodium peroxide is a constituent of some washing powders. 
“Oxone” is compressed sodium peroxide, and “Oxylitb,” which evolv^ oxygen 
on treatment with water, is a compressed mixture of sodium peroxide and bleaching 
powder. 


The amount of active oxygen in sodium peroxide may be ascertmnrf by treating i g. of the 
sample with 15 c.c. water and 2 drops of concentrated cobalt chloride solution, and measuring 
oxygen evolved (Archbult, Analyst^ 20, 3). 


Barium Peroxide, BaO., is manufactured by passing air, freed from carbon 
dioxide and moisture, over barium monoxide, BaO, heated uniformly m retorts at 
(oo*-6oo° The success of the operation depends on the monoxide being m a 
mrous condition. Several methods are iii use for the preparation of the 
in a suitable physical state for conversion into peroxide. It may be Produced 
(i) by heating barium nitrate (German Patent, 128,500); (2) by heating at a ing 
temiirature an intimate mixture of withente and carbon free from Mrojen 
/r*nnan Patent ran Sox') • (%) by heating barium carbonate or barium hydroxide 
with barium carbide in the’absence of air (German Patents, 135,330 142,051) i 
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or (4) by headng in an electric furnace barium sulphate. (4 mols.) with carbon 
(5 atoms) in the form of coke (United Banum Co., of Niagara Falls). 

In order to obtain pure barium peroiide from the commercial product, the latter is rubbed inlo 
a paste with water and is stirred into well-cooled dilute hydrochloric acid. ^ To the resoUing ^^hid 
li<]uid baryta is added until the precipitation of silica and metallic oxides is complete. After 
filtration, excess of baryta is added, when pure hydrated trarium peroxide, BaOg.8HxO, is 
precipitated, and subsequently filtered, washed, and dried. 

Properties. — Technical barium peroxide is a grey mass, whereas the pure 
compound is a white powder. At 700° it evolves oxygen yielding the monoxide. 
Barium peroxide is used for the manufacture of hydrogen peroxide, as a bleaching 
agent, and mixed with paraformaldehyde as a disinfectant. It is also employed 
for removing organic impurities from sulphuric acid, and as an addition to 
lithophone for preventing that pigment from becoming grey in sunlight (German 
Patent, 163,455). 

t 

Calcium Peroxide, CaOj, cannot be prepared by heating quicklime in air. 
Hydrated calcium peroxide is precipitated in the form of fine needles when aqueous 
hydrogen peroxide is added to lime-water. It is also prepared by adding a com- 
pressed mixture of sodium peroxide and slaked lime in molecular proportions to 
iced water (German Patents, 128,617 f>nd 132,706). According to American 
Patent, 847,670, aqueous calcium chloride may be mixed with hydrogen peroxide, 
and the calcium peroxide precipitated by the addition of concentrated ammonia. 

Properties.— Hydrates containing 8, 4, and 2 molecules of water are said to 
exist. The usual product contains 4HjO, and is a yellow crystalline powder, 
sparingly soluble in water, yielding an alkaline solution. Calcium peroxide is used 
as a bleaching agent, and is a component of some tooth powders. It may be 
employed with sulphuric acid for bleaching cotton seed oil and for removing 
rancidity from oil. 

Magnesium Peroxide, MgO^, may be obtained by decomposing magnesium 
sulphate with sodium peroxide. A very antiseptic and stable product is produced 
by adding water to a mixture of sodium peroxide and magnesium hydroxide (or 
basic carbonate) (German Patent, 107,231). If sodium peroxide and alcohol are 
successively added to aqueous magnesium chloride at 20°, a powder containing 
27 per cent. MgOj is precipitated, whereas if the precipitation occurs at a very low 
temperature (in a freezing mixture of sal ammoniac and. ice) a product containing 
nearly 40 per cent. MgOo is obtained (English Patent, 2,743, 190a). Merck 
prepares “ nuignesiumperhydrol ’’ by treating anhydrous magnesium oxide with 
chemically pure hydrogen peroxide; the product contains 15-25 per cent. MgOj 
(German Patent, 171,372). 

Properties — Magnesium peroxide is a white amorphous powder which is only 
sparingly soluble in water. It finds application as a bleaching agent and as an 
antiseptic (for wounds and skin diseases in the form of ointment). 

Zinc Peroxide, ZnOj, is produced when aqueous solutions of zinc salts are 
decomposed with sodium peroxide, the product having a variable composition 
(ZnOj-t-ZnO). Merck treats anhydrous zinc oxide with hydrogen peroxide; the 
product, "Zinc perhydrol,” contains about 50 per cent. ZnOj (German Patent, 
171,372). P’or other methods of preparation see German Patents, 141,821 and 
151,129. 

Properties. — Zinc peroxide is a white or very pale yellow powder. It is 
used as an antiseptic (Mb in the form of powder and ointment), and is also 
serviceable for arresting bleeding. 
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cheaper peroxide, 

- 7 ^ r powdered, is added gradually to a 

suitable dilu e acid, (.g., hydrochloric acid. In this case the barium in solution 
I precipitated with sodium sulphate, so that after filtration a solution 
confining hydrogen peroxide agd sodium chloride is obtained. If dilute sulphuric 
acid IS employed instead of hydrochloric acid, after filtering off the insoluble 
ba urn sulphate, an aqueous solution of hydrogen peroxide is obtained, containing 
however, some impurities derived from the barium peroxide. Phosphoric acid is 
also frequently used for decomposing the barium peroxide. Well wLhed carbon 
dioxide niay be passed through cooled water in which finely powdered barium 
peroxide as suspended (Merck, German Patent, 179,771): the insoluble barium 
carbonate is separated by filtration. ’’ oarium 

u ,1^"* '’yd'-ogen peroxide, the pure 

hydrated Mrmm peroxide is prepared as previously described (see Barium Per- 
OXlde). The moist product is added gradually with constant stirring to dilute 
sulphuric acid (i ; 5) maintained below 10" by the addition of ice. When the acid 
IS neutralised, the mixture is stirred for some hours, allowed to settle and filtered. 
The usual concentration of hydrogen peroxide is 3 per cent, by weight. 

solution of hydrogen peroxide may be prepared by adding sodium peroxide to 
wetl-coolri dilute sulphuric acid (20 per cent, calculated amount). On standing, about two-thirds 
of the sodium sulpliale ctystallises and is separated by filtration. The fillrate is distilled under 
diminished presure (Merck). Merck’s “ perhydrol the so-caHed 100 pet cent, hydroven 
peroxide contains 30 per cent. I one volume of the solution yielding 100 volumes of oxygen. If 
a concentrated solution of hydrogen peroxide be distilled under diminished pressure, water distiLs over 
gilS, 5'^^sequently nearly pure hydre^en peroxide (96 per cent.) distils over; boiling point, 
84.»5 /6!! mm. or 09/26 mm. Staede) found that on cooling the 96 per cent, product by ether 
and liquid wrbon dioxide ( - So ), crystallisation occurred, and when a nucleus of this product was 
introduced into the 96 pet cent, liquid, pure transparent crystals of hvdrogen peroxide, M.P. -2", 
separated. 

Hydrogen peroxide tnay also be manufactured by the hydrolysis of permono-sulphuric acid in 
the presence of sulphuric acid. The hydrogen peroxide may be obtained by distillation under 
reduced pressure or by extraction with a suitable solvent. 


Properties. — Pure hydrogen peroxide is unstable, sometimes decomposing 
with explosive violence. The dilute aqueous solution, however, is fairly stable, 
but the decomposition (into water and oxygen) is particularly susceptible to catalytic 
influence (colloidal or finely divided metals, especially silver and platinum, carbon, 
iodine, and alkalies). The solution, however, may be preserved by the addition 
of a little acid (phosphoric, tannic, and barbituric acids have been recommended). 
Hydrogen peroxide is an oxidising agent. It is employed for restoring pictures, 
the black lead sulphide, formed by the action of sulphuretted hydrogen on white 
lead, being oxidised to white lead sulphate. It liberates iodine from potassium 
iodide in the presence of ferrous sulphate — a very delicate test for hydrogen 
peroxide, and distinguishing it from other oxidising agents. When a solution of 
hydrogen peroxide is added to a colourless solution of titanium dioxide in sulphuric 
acid an orange or yellow colour is produced. One part of HjO, in ten million can 
be thus detected. Hydrogen peroxide is widely used as a bleaching agent, and as 
the only products of its decomposition are water and oxygen, it is serviceable for 
bleaching materials that are destroyed by acids, alkalies, chlorine, etc. Ostrich 
feathers, bone, ivory, wood, silk, cotton, teeth, and hair are all bleached by hydrogen 
peroxide, aqueous solutions of which constitute “auricome,” “golden hair water," 
etc. For bleaching wool, which is rendered a pure white and does not subsequently 
become yellow, the wool, after soaking in a dilute solution of sodium silicate, is 
placed in a peroxide bath containing sodium silicate. For very delicate materials 
t vol. of hydrogen peroxide (lo vols.) is diluted with 10 vols. of water. Some 
dentiWees consist of hydrogen peroxide mixed with gypsum and starch. 

Hydrogen peroxide is a constituent of “Sanitas,” and is extensively used in 
medicine as an antiseptic, being especially valuable in the treatment of alveolar 
abscesses and scrofulous and syphilitic sores. 
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The concentrsuion of hydn^en peroxide solutions may l)e ascertained (l) by titration with 
standard potassium permanganate S- KMnO, per litre^ in the'^esence of dilute 

sulphuric acid c.c. ^ KMn04=.ooi7 g. (2) by treatment with excess of potassium 

iodide solution and subsequent titration of the liberated iodino^with standard thiosulphate. 

A 3 per cent, solution of hydrr^en peroxide on decomposition yields approximately ten tiroes 
its own volume of oxygen (“ 10 vol. peroxide”). 


II.— PERACIDS AND THEIR SALTS 
LITERATURE 

T. Slater Price. — “ Per- Acids and their Salts.” 1912. 

Peracids and the salts derived from them contain relatively more oxygen than the 
acids a^d salts bearing the same names without the prefix. The peracids, like the 
peroxides, may be divided into two classes: — (1) TKe true peracids, which may 
either be formed by the action of hydrogen peroxide on the lower acids or 
produce hydrogen peroxide as a product when decomposed with dilute sulphuric 
acid; and (2) the fistudo or false peracids {e.g., perchloric acid) which are not 
related to hydrogen peroxide in this manner. The true pmcids and their salts 
only are dealt with in this section. 

Two persulphuric acids are known ; permonosulphuric acid (Caro’s acid), HjSOj, 
and perdisulphuric acid (usually called persulphuric acid), H^SjOg. 

Persulphuric Add, HjSjOj, is produced when sulphuric acid (D. 1.35-1.5) is 
electrolysed at low temperatures (s'-io") with a high current density at the anode. 
(Elbs and Schonherr, Zti/. EUktrodum., i, 417 and 468; 2, 245). The current 
density at the anode ma)f be about too ampeies per square decimetre In the 
presence of sulphuric acid, persulphuric acid gradually undergoes hydrolysis to 
Caro's acid, which in turn is fbrther hydrolysed to hydrogen peroxide and sulphuric 
acid. 

(1) HjSsO, + HgO = HjSOj + HjSO,. 

(2) HjSOj + HjO = 115804 H„Oe. 

Anhydrous persulphuric acid is prepared by adding anhydrous hydrogen peroxide 
(i mol.) to chlorosulphonic acid (2 mols.). 

Properties. — The anhydrous acid is a crystalline solid melting at 65’. The 
aqueous solution has strong oxidising properties. 

Permonosulphuric Acid (Caro’s acid), H^SOg, may be prepared by treating 
potassium persulphate with concentrated sulphuric acid, or by the action of con- 
centrated sulphuric acid on concentrated hydrogen peroxide (Baeyer and Villijer, 
Btr., 1900, 23, 124, 858, and 1569). The pure anhydrous acid is prepared by the 
gradual addition of the calculated amount of 100 per cent, hydrogen peroxide to 
well-cooled chlorosulphonic acid, HjO, + CISO5H = HgSOj -1- HCl. 

Properties. — The anhydrous acid is a crystalline solid melting at 45*. The 
aqueous solution is fairly stable, and possesses an odour resembling that of 
bleaching powder. In the presence of sulphuric acid, Caro's acid undergoes 
hydrolysis to hydrogen peroxide. This reaction is used for the manufacture 
of hydrogen peroxide, t.g., by distilling a mixture of potassium persulphate with 
sulphuric acid (D. 1.4) under diminished pressure (German Patents, 199,958, 
2 J 7 ,i 3 *> *'7.539; English Patents, 24,507 23,660 {1910)). 

The best jtnown salts of persulphuric acid are the ammonium and potassium 
salts, which here first ps^red by Marshall in 1891 {Trans, Chm, Soc., lipi, 59, 
771; JouTH; S*e. Chml mL, 1897, 16, 396). 



PEROXIDES AND PERACIDS 425 

Ammonium PcrsulphutCj (NH^)2S20g, is prepared by the electrolysis of a 
saturated solutioTi of ammonium sulphate at a low temperature. To avoid cathodic 
reduetion a diaphragm is used, saturated ammonium sulphate solution is placed in 
the anodic compartment, and sulphuric acid (i ; i) in the cathodic compartment. 
The temperature of the anodic jolution is maintained at about t5° by a stream of 
water running through coils. The anode consists of smooth platinum wire, the 
anodic current density being 500-1,000 amperes per square decimetre. Crystals of 
ammonium persulphate separate at the anode, and fresh ammonium sulphate must 
be supplied. The yield is increased by the presence of excess of sulphuric acid, 
and also by the addition of hydrofluoric acid. The current efficiency is about 
70 per cent. (Elbs, yijMf/t. pr. Chem.^ *^931 4 ^, ^^5 j Muller and Schellhaas, 
Zeit. Ekclrofhem., 1907, 13, 257). The electrqlysis may be carried out without a 
diaphragm if the electrolyte is kept acid, and a high cathodic current density’ is 
employed,(German Patents, r55,8o5, 170,311, 173,977). 

Potassium Persulphate, K2S2OJ, may be prepared in a similar manner, or 
by the double decomposition of ammonium persulphate with potassium carbonate. 

Properties. — .\mmonium persulphate forms monoclinic crystals and potassium 
persulphate, either small prisms or tabular crystals. The latter salt is only sparingly 
soluble in water (1.76 in 100 at 0°). The dry persulphates are quite stable, but 
their aqueous solutions ^adually decompose thus : — 

K.2S2O8 -t- H2O = 2KHSO, + 0 . 

The persulphates are oxidising agents, liberating iodine from potassium iodide, 
oxidising ferrous salts to the ferric condition, etc. Silver salts exercise a marked 
catalytic effect on the oxidising properties of persulphates. Alkaline as well as 
acid solutions of persulphates have bleaching properties. Ammonium persulphate 
is used technically for introducing the hydroxyl group directly into the benzene 
nucleus, e.g., 0 nitrophenol is oxidised in alkaline solution to nitrohydroquinone. 
The ammonium salt is also used as a density reducer for negatives ; the potassium 
ralt, under the name “ anthion,” is used as a hypo-eliminator in photography, but 
its use appears to be open to objections. Many of the alkaloids give colour reaction 
with persulphates, and some of them (eg., strychnine) are precipitated. 

The estimation of persulphates is carried out by heating the solution with ferrous sulphate at 
bo'-So®, and titrating the excess of ferrous iron by means of standard potassium permanganate. 

Perboric Acid has not been prepared in the free state, but sodium perborate, 
NaB0,.4H20, is a compound of considerable technical importance, and its prepara- 
tion is the subject of many patents. When a 3 per cent, solution of hydrogen 
peroxide (120 parts) is added to a saturated solution of borax (20 parts) containing 
sodium hydroxide (4 parts), the resulting solution slowly deposits sodium per- 
borate in a very- pure but rather unstable form (Tanatar, Zeit. physikal. Chtm., 
1898, 26, r32 ; and 1899, 29, i6a). A coarsely crystalline and very stable product 
is obtained by dissolving borax (76.5 parts) and sodium hydroxide (at. 6 parts) in 
140 parts of boiling water, and pouring the resulting solution, cooled to about 
60”, into a 3 per cent, solution of hydrogen peroxide (950 parts). After the 
solution has been well stirred, it is cooled to below 10” and allowed to crystallise 
slowly by standing undisturbed for some hours. The crystals are drained and 
wash^ with ice-cold water. A further crop may be obtained by stirring powdered 
salt into the mother liquor. T he yield is 88 per cent (Girsewald, German Patent, 
1907, 204,279). 

A sodium perborate called perborax, Na2B20,.ioH20, w prepared by gradually 
adding an intimate mixture of boric acid (248 g.) and sodium peroxide (78 g.) to 
well cooled water (2 1 .). The separated crystalline product, after drying in air, 
contains 4.2 per cent, of active oxygen. It cannot be recrystallised from water, 
the first fraction which separates containing more active oxygen, and the later 
fraction less active oxygen than the original salt. 

If hydrq^loric acid, equivalent in amount to half the sodium in perborax, is added to an aqueous 
olalion of the salt, ordinary sodium perborate .separates. 
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Properties. — Sodium perborate contains a high proportion of active oxygen 
(10.4 per cent.). The aqueous solution is distinctly alkaline, and contains hydrogen 
peroxide. The salt is only sparingly soluble in water, but if it is added to dilute 
sulphuric acid, a highly concentrated solution of hydrogen peroxide is obtained. 
The aqueous solution exhibits oxidising properties, liberating iodine from potassium 
iodide, oxidising ferrous to ferric salts, etc. Sodium perborate is employed as a 
washing and bleaching agent. As a washing agent it possesses all the advantages of 
sodium peroxide, without many of the disadvantages of that compound. The older 
“ dry " soaps consisted of soda, borax, and soap, but most of the modern washing 
powders contain sodium perborate or " perborin.” “ Perborin M ” is a mixture of 
soap, soda, and sodium perborate ; “ persil ” consists of soap, soda, sodium silicate, 
and sodium perborate; and “clartix” of sodium phosphate, borax, and sodium 
perborate. 

Ammonium Perborate, NH^BOj-IH^O, is obtained by adding ammonia to 
a solution of boric acid in aqueous hydrogen peroxide (2.5 per cent,). Barium, 
calciuifi, strontium, and copper perborates have been prepared, but they are 
unstable. The amount of active oxygen in a perborate is ascertained by titration 
with standard potassium permanganate in the presence of dilute sulphuric acid. 
Another method consists in treating o. i g. of the sample with an acidified solution 
of ferrous ammonium sulphate, the excess of which is subsequently titrated with 
titanous chloride {Joum. Soc. Dym, iqio, 26, 81), 

Percarbonic Acid has not been prepared, but the potassium salt was prepared 
by Constam and Hansen in 1897. 

Potassium Percarbonate, K.2CoOj, is prepared by the electrolysis of a 
saturated solution of potassium carbonate at -10’ to - 16°. When the current 
density is 30-60 amperes per square decimeter, aqueous potassium carbonate of 
density t.56 on electrolysis at - to" gives a yield of percarbonate equal to 85-95 
percent. (Zeit. EUktrochem., 1896-7, 3, 137). 

Properties. — Potassium percarbonate is a pale blue hygroscopic powder, 
which decgmposes aeadily on warming: — 

K^CP, = K.,CO, H CO 2 -r 0. 

It dissolves in ice-cold water with practically no decomposition. Potassium 
percarbonate is an oxidising agent, oxidising lead sulphide to lead sulphate, 
decolorises indigo, and bleaches cotton, wool, and silk. It is used as a bleaching 
a aent and in photography under the name “ Antihypo.” By adding alcohol to a 
solution of sodium carbonate in 3 per cent, hydrogen peroxide, Tanatar obtained 
a product having a composition corresponding with the formula Na-^CO^.i JHjO. 
This product, however, in many respects differs from true per-salts, and consequently 
some chemists believe it to be sodium carbonate with hydrogen peroxide of 
crystallisation, Na.2CO3.H2Oj.JH2O. 

Sodium Percarbonate, Na^CjOn, is prepared by adding sodium peroxide 
slowly to ice-cold absolute alcohol. Dry carbon dioxide is then passed into the 
mixture at o°-5° for some hours. The crystalline mass is separated and washed with 
alcohol and ether. 

The preparation of a sodium percarbonate, Na2C04.JH20, from hydrated 
sodium peroxide and carbon dioxide, is described by Wolffenstein and Peltner 
(Ber., 1908, 41, 280 ; see also German Patents, 145,746 and 188,569). 

This product is used as a disinfectant and for the preparation of hydrogen 
peroxide. 

Pcrcarbonatys are estimated by treating a weighed quantity of the sample with dilute sulphurie 
arid, and tinaling the hydrc^en peroxide formed with standard potassium permanganate. 

Salts of several other peracids have been prepared, but at present have no 
technical importance. 
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CIRCULATION OF NITROGEN 
IN NATURE 

By Geoffrey Martin, Ph.D., D.Sc. 
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CrOSSLEY. — Pharm. Journ.y 1910,30, 329. 

Fowler.— “ Bacteriological and Enzyme Chemistry.” 191 1. 
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Nitrogen *is an essential component of animal and vegetable living matter, and 
must be supplied to them in an assimilable form. 

Animals obtain their nitrogen in an “organically combined” form from vegetable 
matter. ^ Plants, however, obtain their nitrogen principally in the form of nitrates or 
ammoniacal salts, which they absorb from the soil. To a much smaller extent 
they take up (at least some varieties do) nitrogen directly from the atmosphere. 

When animal and vegetable matter decays, the combined nitrogen passes again 
in the form of ammonia and nitrates into the soil. Part, however, is set free as 
nitrogen gas, which thus escapes into the atmosphere. 

According to Arrhenius (“Das \Verden<!erWeIten,”pp. 130, 131, 1908) no less than 400,000,000 
tons of nitrogen are annually withdrawn from the atmosphere either by direct assimilation by plants 
or by union with oxygen by means of electrical discharges which occur in the air. The combined 
nitrogen i.s washed into the soil and there taken up by plants, whence it passes into circulation in 
the animal world. (The amount of atmospheric oxygen annually absorbed by plants and animals 
from the atmosphere is about 100 times greater than the amount of nitrogen absorbed.) Now, since 
nitrogen does not accumulate to any great extent in the soil, these 400,000,000 tons of atmospheric 
nitrogen are yearly set free again as inert nitrogen gas by the decomposition of organic matter, 
and so are restored again to the atmosphere. Consequently there is continually going on in nature 
an immense and endless circulation of nitrogen. 


The following scheme shows the course of the nitrogen cycle in nature ; — 


Free nitrogen in air 










Proteolytic 
nitrifying and 
de-nitrifying 
— Bcuteria ^ 


Nitrogen fixing bacteria - 
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carbohydrates, etc. 
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Every scrap of nitrogen in every plant and every animal, and in the soil, came 
originally from free atmospheric nitrogen. The fixation occurs principally by- 
means of silent electrical discharges, which continually go on in the atmosphere. 
Under the influence of electricity the atmospheric nitrogen becomes active, and 
unites with the oxygen of the air to form nitric oxide, thus N .2 + 0.; = 2 N 0 . 
The nitric oxide, NO, at once combines with the oxygen of the air to form 
nitrogen peroxide, NO.,, thus N0+0 = N0j. The NO. is then dissolved by 
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fallin^^in, forming nitrous and nitric acid (2NO.2 + ^2® “ HNO^ + HNO,), and in 
this form it enters the soil, where the nitric acid and nitrous acid combine with 
bases in the soil like lime, potash, etc., to form calcium or potassium nitrate or 
nitrite ; these substances are finally absorbed by the roots of growing plants. This 
is the main method whereby nitrogen is absorbed ^rom the atmosphere, and for 
many years it was thought that this was the only way of absorbing nittx^en. 
However, it is now known, thanks to the researches of Hellriegel and Wilfarth, 
that certain plants, especially those belonging to the Leguminosss, directly absorb 
nitrogen by means of certain bacteria. Peas and beans possess this capacity highly 
developed. Clover also is a plant which absorbs large amounts of nitrogen from 
the air during its growth. Practical examples of utilising this fact have long been 
known. After a crop has been grown which tends to exhaust nitrogen from the 
soil (e.g., wheat) it is usual to grow a crop of clover, which is then ploughed into 
the soil. The nitrc^en absorbed by the clover from the atmosphere is thus 
returned to the soil when the clover rots, and so a fresh crop of wheat can now 
be grown. This is known as “ rotation of crops.” 

The nitrogen as nitrate in the soil is absorbed by the plant and burned info 
complex protein matter. The plant is eaten by animals, and the nitrogenous 
protein is, by the processes of peptic and tryptic digestion in the animal body, 
converted into end products, largely consisting of amino acids. These amino 
acids are again built up into the body substance through biotic energy inherent in 
the cells, pan having been utilised as fuel in maintaining that energy. 

In the case of flesh-eating mammals most of the nitrogen not used in 
maintaining the body substance is eliminated in the form of urea, CO(NH2)2, in the 
urine. From this urea much nitrogen is set free in the free state by the action of 
nitrous acid, HNOj, thus : — 

CCHNHj), + xHNOj = CO.2 + 3II2O + sNb. 

Ur«aL XitToos Ctrbm Water. Nitrogen, 

acid. dioeide. 

Thus the nitrogen, in part at least, finds its way back to the atmosphere. 

In the case of animals, whose diet is wholly vegetable, most of the nitrogen 
is eliminated as hippuric add, QHjCO.NHCHjCOOH. These two main end 
products of animal metabolism, viz., urea and hippuric add, are not directly 
available for plant food. They mbst first be converted into ammonia, NH„ by 
means of certain organisms contained in the soil. The most prominent of these 
organisms are the Micrococcus urea and the Bacillus urea. These organisms, 
being widely distributed, soon cause urine when exposed to the air to evolve 
ammonia. They are not contained in freshly excreted urine. The following is the 
change which takes place ; — 

CO(NHj)j + HO = (NH.hCO,. 

Urea. Water. Ammoniuoi 
carbonate. 

It is supposed that the change is brought about by an “ enzyme ” called ureasc, 
secreted by the micro-organisms. 

The ammoniacal fermentation of the urea proceeds until about 13 |>er cent 
of ammoniacal carbonate is formed in solution, when it ceases. Nitrogen in the 
form of ammonium carbonate is directly assimilable as a plant food, tong built 
up again into vegetable proteins, which form the food of animals. 

The hippuric acid is similarly decomposed according to the equation— 
C,H,CO.NHCII^COOH + lljO = C,H,COOH -r CH,SHj.COOH 

Hippurk«CM. Water. I^nzoicacid. Antni>>«c«tic acid. 

Plants, however, not only absorb their nitrogen in the form of ammonia, but 
also in the form of oxidation products of ammonia, viz., nitrites and nitrates, 

(I) zNH, + 30s = allNOj + zHjO 
Ammonia. C^gen. Nitivus Water. 

acU. 

{2) HNOj + O = HNO, 

Nitroiw Nitric 
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The process of oxidation of ammonia into nitrous and nitric acid is known as 
nitrification, and occurs in two distinct stages by means of two separate lots of 
organisms. The one kind of organism oxidises the ammonia to nitrite, and the 
other kind oxidises the nitrites to nitrates. 

According to Boullatiger and Massol there are two well-defined organisms which 
convert the ammonia into nitrites, viz., Ntirosocouus, a large, nearly spherical, 
organism, existing in two varieties, one found in Europe and the other in certain 
soils of Java. ^ The other smaller organism is called NHrosomonas. 

The nitric organism is a very small bacterium, slightly longer than broad. 
The nitrous and nitric organisms exist side by side in nature, and neither can 
perform its work without the aid of the other, the nitrous organism alone 
cannot carry the oxidation of the ammonia farther than the stage of nitrite, while 
the nitric organism is incapable of directly oxidising ammonia. 

In addition to the oxidising of ammonia to nitrites and nitrates (nitrification), 
there also goes on a reverse process (denitrification) whereby nitrites and nitrates 
are destroyed by the action of certain organisms, e.g., a nitrate is converted directly 
into nitrogen, the final result being shown by some such end equation such a5 this : — 

4KNO,, -r 5C -e aHjO = aKIlCO, + aNj + CO, 

Potauium Carbon. Water. Potaisiiim Nitro- Carbon 

nitrate. bicarbonate. gen. dioxide. 

The denitrifying organisms may be divided into two classes, (i) True de- 
nitrifying organisms, which actually destroy nitrates, converting them into free 
nitrogen, (j) Indirect denitrifying organisms, which reduce nitrates to nitrites, 
and these nitrites, when brought into contact with amido compounds such as urea, 
in the presence of acid, are decomposed with liberation of nitrogen, thus ; — 

CO(NH.4; -t- 2HNO, = 2N2 -r CO.J 3H,0 

Vr«a, Nitrous Niiro* Carbon Waier. 

acid. gen. dioxide. 

By means of these changes much nitrogen from the animal or vegetable body is 
again thrown back into the atmosphere in its original form, thus maintaining the 
nitrogen cycle in nature. 

The chief nitrogenous artificial manures used are ammonium salts and sodium 
or potassium nitrate. The quantities of these substances, however, at the disposal 
of agriculturists, is far less than the demand. 

Until quite recently the supply of nitrates, and also of nitric acid, was derived 
almost exclusively from the natural deposits of sodium nitrate, NaNOg, found 
in Chile (Chile saltpetre). The ammonium salts were principally derived from 
coal-tar and gas making works, coming into the market as ammonium sulphate. 
The high price of these products, and the urgent need for more nitrogenous manure 
for agriculturists, has caused the successful invention recently of several processes 
for combining atmospheric nitrogen artificially, in a form assimilable by plants. 
The economic “ fixation of nitrogen ” has been achieved by three distinct methods 
which we willlater deal with in detail, viz. (1) Direct oxidation of atmospheric 
nitrogen to nitric acid or nitrates. (2) Fixation of atmospheric nitrogen by means 
of calcium carbide, with formation of calcium cyanamide. (3) Direct formation of 
ammonia, Nil,, by direct combination of atmospheric nitrogen and hydrogen. 

Other nitrogenous compounds much used are cyanides, ferro- and ferricyanides, 
etc. Cyanides find their chief use in the extraction of gold from quartz. 
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THE NITRATE INDUSTRY 


By Geoffrey Martin, D.Sc. 
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SODIUM NITRATE (CHILE SALTPETRE), NaNOj 

Sodium nitrate occurs in enormous quantities in the valleys of the Tarapaca and 
Tacoma, along the coast of Chile and Peru. Deposits also occur on the coast of 
Bolivia. The whole district is now a de.sert (rain only falling once in three years 
or so), but signs of former fertility are evident. 

The main nitrate bed of Tarapaca is aj miles wide, and about 260 miles long, stretching along 
the eastetn slope of the Cordilleras and the sea. The average distance from the sea coast is 
14 miles, although some rich deposits occur inland as far as 90 miles. The deposits are some 
500-600 ft. higher than the valley of the Tamaragal, the deposits thinning out as the valley is 
approached, all nitrate vanishing at the bottom. 


The nitrate (locally called “caliche”) forms a lock-like mass 3-6 ft. deep; it is 
covered over to a depth of 6 10 ft. by rocky matter, which in its turn is covered 
to a depth of 8-io in. by fine loose sand. The nitrate lies upon a bed of clay, free 
from nitrate, which covers primitive rock. The colour of the nitrate varies from 

pure white to brown or grey. 1, m r-i 

The crude caliche contains from io-8o per cent, of NaNOj, much NaLI, a 
little KNO„ some sodium perchlorate, NaClO,, and sodium iodate, NIO3. 

A caliche containing 40-80 per N’lNOj is regarded as of the best quality ; 
25-40 per cent. NaNO, is second quality caliche, while anything below 25 per cent. 
NaNOj is regarded as inferior quality. 

The richest beds it is suted, have been practically worked out, but it is asjirted that sufficient 
cali^e sdll exists in Northern Chile and the neighbouring lands of Peru and Bolivia to supply 
the world’s markets lor another 100 years at the present rate of consumption. 

The caliche is worked for refined nitrate on the places of production in about 
one hundred and fifty factories. The ground is broken by blasting, and the big 
blocks are broken into smaller ones by means of crowbars, and the lumps of 
caliche are separated from the rocky over-layer by hand. The caliche is 
crushed into 2-m. lumps, placed in long iron tanks heated with steam coils, and 

h 7 oX rea? bottom of^liiVmS whilfthe‘'mmher" liquors, containing the 
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the second tank, where it meets with a partly extracted caliche. From this, stilt 
rich in nitratg the mother liquors pass on, finally emerging from the last tank of 
a battery of six filled with freshly charged caliche. Thg hot mother liquors from 
the last tank, at a temperature of 112*, and containing about 80 lbs. of sodium 
nitrate per cubic foot, are run off into the crystallising pans where, after cooling 
for four to five days, much nitrate is deposited in a crystalline condition. 


The mother liquors now contain about 40 lbs. of nitrate per cubic foot, and are used in the 
systematic Uxiviation of the caliche describe above, being run (in addition to the weak liquor 
from the final eahaastion of the caliche) on to the subsequent caliche. These mother liquois, 
however, contain much iodine in the form of sodium iodate, from which the iodine must first 
be recovered in the manner described in the section on Iodine irt this Volume, p. 407. From the 
iodine house the mother liquors are passed on to the lixiviating tanks, to be used once more, as 
above described, in extracting crude caliche. The iodine recovered in this way is now an important 
article of commerce. 


The crystals of nitrate deposited in the crystallising tanks are covwed with a 
little water, drained, and allowed to dry in the sun for five or more days. They 
have then the following composition : — 


NaNO, 

NaCl 

Na^O^ 

H .0 


Best Quality. 
96-5 
0.7s 

0.43 

*■3 


Second Grade. 
95- 2 
2-5 
0-7 
1.6 


About I ton of coal is required for the production of 7 tons of nitrate. 

This 95-96 per cent. NaNO, is shipped, and can be used directly as manure. 
About 20 per cent, of total export is used for the manufacture of nitric acid and 
other nitrogen compounds. 

The second grade 95 per cent. NaNO, contains (as is evident from above analyses) much NaCI, 
and sometimes a tittle iCNOj and sodium perchlorate, NaCIO^. This latter substance is especially 
undesirable in mannrial nitrate, as it acts as a poison for plants. The nitrate is usually valued on 
the tasis of its nitrt^en content, the pure nitrate containing 16.47 pur cent. N against 13.87 per 
cent. N in potassium nitrate (KNOj, saltpetre). 

Properties of Sodiitm Nitrate. — The substance forms colourless trans- 
parent anhydrous rhombohedra, whose form closely approximates to cubes (hence 
the term “cubic nitre”). It fuses at 316", and at higher temperatures evolves 
oxygen with formation of nitrite. At very high temperatures all the nitrogen is 
evolved, and a residue of Na,0 and Na^jOj is left. The salt, when quite free from 
ehhrides of calcium and magnesium, is not hygroscopic ; as usually obtained, 
however, it is slightly hygroscopic. One hundred parts of water dissolve : — 


Temperature • - o"C. 10' 15* 21’ 29’ 36“ 51" 68* 

NaNO, 66.7 76.3 80.6 85.7 92.9 99.4 113.6 125.1 

Statistics. — The shipments of sodium nitrate from Chile and Peru are 

rapidly increasing, as the following figures show ; — 


Year. 

Tons (Metric). 

Year. 

Tofu (Metric). 

1850 

25,000 

1909 ^ 

3 , 100,000 

1870 

150,000 

1910 

■ 2,274,000 

18^ 

1,000,000 

1911 • 

2,400,000 

1900 

1,4009000 j 

1912 . 

2,542,000 

1908 

1,746,000 I 

1 


In 1912 the 2,542,000 tons of nitrate were divided among the following, 
countries United Kingdom, 5.60 per cent, of total; Germany, 3330 percent; 
France, 14.30 per cent.; Belgium, 12.2 per cent.; Holland, 5.90 percent; My, 
2 per cent ; Austria-Hungaiy, 0.25 per cent. ; Spain and Portugal, 0.50 per cent ; 
Sweden, 0.15 per cent. ; United States, 22.2 per cent. ; Japan and other countries, 
3.60 per cent. 

In vi^W of the rapidly increasing demand for sodium nitrate, there is grave doubt as to the 
possibility of any great extension in the demand being met by Chile, The caliche beds ate ^tead 
over gre^ areas in a desert r^ion, where foet and water ate expensive, and are not unhbnB in 
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quality. The richer and more easily extracted nitrate, the first to be worked, is stated to be 
confined to the valleys of the Tarapaca and Tacoma, and, it is asserted, will not last much longer 
than 1923 at the present rate of increased extraction. 100-150 years is the limit assigned for the 
working out .of the less valuable beds in the hands of the Government. However, it must be 
remembered that perfectly enormous supplies of inferior nitrate remain in the soil, now regarded 
as not worth working, and possibly with improved methods these supplies will last much longer 
than the estimated time. In fact, freA estimates by competent scientists put off the date of failure 
of the caliche beds for another 150 years at least. 

Uses of Sodium Nitrate. — The main use of sodium nitrate is for manurial 
purposes, no less than 80 per cent, of total product being used for this purpose in 
1912. Of the remaining 20 per cent used for manufacturing nitrogen com- 
pounds, about IS per cent, was used for making nitric acid, and the remaining 
S per cent, for manufacture of potassium nitrate (saltpetre) for use in the lead 
chamber process for making sulphuric acid, anrf for other purposes as well. 

. For the manufacture of old black gunpowder or for fireworks, the slightly 
hygroscopip nature of NaNOj renders it inapplicable as a substitute for potassium 
nitrate, KNO,. 


POTASSIUM NITRATE, KNO^ 

Potassium Nitrate, KNO3, crystallises in large prisms, isomorphous with 
rhombic aragonite, and so is sometimes known as “prismatic” saltpetre. It is 
used principally for the production of black shooting powder and for fireworks. 

However, since the production of the new smokeless powders, the manufacture 
of black powder has greatly decreased, and with it the use of potassium nitrate 
has also decreased. 

Manufacture.— Germany alone produces 20,000 Ions of KNOj, and Great 
Britain imports annually 10,000 tons, while over 30,000 tons are jiroduced m other 
lands, almost entirely by the so-called “conversion process,” using ^ raw materials 
the German potassium chloride, KCl (mined at Stassfurt), and Chile saltpetre, 
sodium nitrate, NaNO,. This process depends upon the fact that under certain 
conditions of temperature and pressure, solutions of potassium chloride, K.tl, and 
Chile saltpetre, NaNO,, when mixed, undergo a double decomposition, soduim 
chloride being deposited and potassium nitrate remaining m solution 

KCl + NaNOj = NaCl + KNX):j. 

This conversion takes place all the more readily because KNOs is much more 
soluble in hot and much less soluble in cold water than is sodium nitrate, too g. 

of water dissolve:- j,Cl. 

At 20° C ^2 g. 88 g. 3^ S* S’ 

>761 39.6 g. 56.5 g. 

The potassium nitrate thus obtained is exceedingly pure. In fact, that techmcally 
producedrrThe manufacture of black powder must not contain more than 0.1-0.05 

S;SXide (88 per 

Sh? lii; 

VOL. I.— 28 
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obtained, which, after passing through a centrifugal machine, washing with Tery 
little water, and drying, is ^most quite free from NaCl. llie various mother 
liquors resulting from &ese operations are evaporated and added to the mother- 
liquors for the initial treatment of the KCI and NaNOj as above described, 

Th«e is thus bat little loss, although the calcium asd magnesium salts whidi gradually 
accumulate in the mother liquors must from time to time be removed by the cautious additicm 
of sodium carbonate. Sometimes a considerable amount of sodium perchlorate, NaCip4,jin<i 
sodium iodate accumulate in these mother liqut^s, and occasioDally they are wodted up for 
perchlorate and iodine. 

Potassium nitrate, KNO,, is one of the o)de.*it known salts of potassium, and 
is characterised by the fact that when mixed with oxidisable matter it gives rise to 
readily inflammable products, such as black powder and mixtures used in fireworks. 
K^^03 is the final result of the oxidation of nitrogenous organic material, and so it 
is steadily produced in the soil from decaying organic matter by means of special 
bacteria. It thus occurs, together with other nitrates, as an efflorescence in the 
^oil in tropical countries like Bengal, Egypt, Syria, Persia, Hungary, etc. In 
India, Sind especially Ceylon, considerable'quantities, e.g, 20,000 tons per year, of 
potassium nitrate are obtained by the lixiviation of certain porous rocks, which 
yield from 2,5-8 per cent of their weight of nitrate. 

Whether derived from rocks or from efflorescences in the soil near stables, urinals, etc., the 
nitrate is invariably produced by the decay of nitrogenous organic material, first into ammonia, 
and later, by oxidation, into nitrous and nitric acids, which, in the present of alkali, produce 
potassium nitrate. 

At one time much potassium nitrate was produced in Europe by the Govern- 
ments of the difierent countries for supplying themselves with the necessary 
nitrate for making gunpowder, the operation being carried out in *^saftpetre 
plantations^' 

For this purpose oitrogeooas organic matter of animal or vegetable origin was allowed to putrefy 
by exposure to air in a dark place ; it was then mixed with lime, monar, wood ashes (containing 
salts of potassium and sodium) and heaped into low mounds. These were left exposed to the 
air, bebg moistened from time to time by urine and the drainage from duDg*heaps. 

After a couple of years the outer surface of the saltpetre earth was removed, and the nitrates 
extracted by lixiviation with water. To the solution potassium carbonate was added, and 00 
concentration and filtering from the precipitated calcium and magnesium sidts, the clear solatioo 
was evaporated for KNO|. 

This Indos^, however, since the introductirm of pie cheap NaNO^, hat almost entirely ceased, 
the KNO3 being now made from (he NaNOy by the conversion process described above. It ii 
posable that, in a modified form, this old industry may revive. 

Thus Muntx and Laine {Compt. read., 1905, ^i, g6i ; 1906, 142, 4^ 1239) impremted pat 
with sufficient lime ja combine with the nitric aad formed, and then inoculated it with nitrimng 
bacteria and passedRhrough it a 0.75 per cent, solution of ammoniiun sulphate (NH4)|SO« 
at 30* C, thereby oblainii^ a 1 per cent, solutirm of calcium nitrate, Ca(NO^}g. The hactena 
would oxidise quickly only di/uu solution of ammonium salts, but even 22 per cent nitrate in the 
solution did noi intcnere with the process. Consequently, 1 ^ sending the ammonium sulphate 
solution five times thror^h the peat beds there was finally obtained a solution amtaming 4lt7 g. 
of Ca(NO,)2 per litre. 

yidd.~6.5 kg. of CafNOjla in twenty-four hours per cubic metre of peab The old aillpetre 
plantations yielded 5 kg. KNO^ in two ye^ per coImc metre. 

Rn>f(r/us.~\\hhe soluble crystals which readily dissolve in water, ptodudi^ 
a great lowering of temperature, a fact which was once utilised for making fineaog 
mixtures. loo parts of water dissolved : — 

TcmMratiire - o“C. lo* jo* 40' 60* *0" too' Jl+I* 

KNO, - 13.3 sa, 31.6 63.9 109.9 >69 H6 ' 3lt 

The saturated solution bdk at 114.1* C. When heated, KNO, evolvei rntygien^ 
and so is a powerful oxidising agent 

Uses . — Chiefly for the manufacture of black powder and fireworki, but itw 
for pickling or salting meat, to which it imparto a red colour. It is also UMd in 
medicine and in the laboratorv. 
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Calcium Nitrate, Ca(N0,)2 + 4H20, containing 11.86 per cent. N, is now 
made- by allowing nitric acid (made by the electrical oxidation of the atmosphere) 
to act on limestone (see p. 446). At the present time it is being produced 
in rapidly increasing quantities, and is now competing with Chile saltpetre 
(sodium nitrate) for manurial purposes. One great disadvantage to its use 
is its very hy^oscopic naturd; it js too readily washed from soils without 
complete assimilation of the nitrogen. It is now produced in Norway on a targe 
scale; it is put on the market in coarse lumps, in a partly dehydrated condition, 
containing _t3 per cent. N., being sold as “Norwegian saltpetre,” or “nitrate of 
lime.” . It is largely used for preparing barium nitrate, Ba(NO,,)5, and ammonium 
nitrate. 

Ammonium Nitrate, (NH^),NOj, is a product of increasing importance. It 
is used in large quantities for the manufacture of certain safety explosives, being 
especially suitable for this purpose because it leaves no solid residue on explosion, 
and develops heat when it decomposes according to the equation ; — 

jNH.NOj = N„ -f O -t aH, 0 . 

also for making nitrous o.xide : — 

- NH.NOj = N.p + aHp. 

Manufacture . — It may be produced by leading vapours of ammonia into nitric 
acid, using synthetic ammonia and Ostwald’s nitric acid (see p. 448). 


R^^diog the jiroduclion of ammonium nitrate by Ostwald’s process of directly oxidising the 
ammonia to ammonium nitrate by catalytic platinum, the reader should see the following patents : — 
English Patents, 69S and 8,300, 1902 ; 7,908, 1908 ; American Patent, 858,904, 1907. 

-For a description of the process sec Oslwald, Berg. •«. Huitenm. Rundschau^ 1906, 3, 71 ; 
see also Kaiser, English Patent, 20,305, 1910; see also Schmidt and Rocker, Ber., 1906, p. 13^. 

Frank and Caro (D.R.P., 224,329) propose to use thorium oxide as the catalyst. M. Wendriner 
{Chem. lud.f ton, p. 456) suggests uranium compounds as catalyst. 

The Deutsenen AmmonialTverkaufs-Vereinigung, in Bochum, produced by Ostwald’s process 
in 1908, 651 tons ; 1909, 1,096 ions ; 1910, 1,237 tons. 

In 1915 one firm alone in Germany estimate that they will produce 90,000 tons annually of this 
ammonium nitrate by this process. 

Traube and BilU (Sw^ish Patent, 8,944, 1897) oxidise ammonia gas by electrolytic oxygen, 
usiw as catalysers copper hy<lroxide, and claim an excellent yield. 

Siemens and Halske (D.R.P.,iS,[03) oxidise ammonia gas by silent electrical discharges. 

Nilhack (D.R.P., 95,532) electrolyses water, containing nitre^n, diasolverl under a pressure of 
SO'ioo atmosplieres. 

The bulk of the ammonium nitrate at the time of writing is made, however, by 
treating calcium nitrate (made as above described) with rather less than the 
equivalent quantity of ammonium sulphate : — 

Oi(NO,,)s -e (NH,)3S04 = CaSO, -f 


(see Wedekind’s patent, English Patent, 20,907, 1909). 

The yield is quantitative, the CaSO, being removable without difficulty. 

For a complete summary of patents see Zeit. gesammt. Scheiss. Sprengslaffwesen, 

1914, ft 81. 

ReeudinK the manufacture of araraonium nitrate from calcium nitrate the reader should 
cottsuU the patents;— Dyes, English Patent, 15,391, 1908; Nydegger and Wedekend, English 

^^'xhe SSf Hyto-Elektrisk- Kraelstof- Aktieselshah (D.R. P. ,206,949 of 1907I prepare ammonium 
nitrate leading nitrous gases through calcium cyanamide 

CaCNj -f 2HiO -(■ 4HNO3 = CafNO^h -k CO^ -h aNH.NOj. 


See alio the French Patent, 417,505, of 1910; English Patent, 19,141,0! 19101 Colson, .Vec. 

Pueilt» 9,174) attempted to produce ammonium nitrate from ammonium carbonate and Chile 
Mjtpetre according to the equation 

NH4HCO3 + NaNO, NallCOa + NH^NOg. 
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The process, however, failed on account of the incomplete decomposition (see Jottm. Sk, Chtm. 
Ittd., 1889, p. 706). 

The following patents bear on this :—Lesage 8t Co. (French Patent of ioth Jan. 1877), Chance 
(English Patent, 5,919, 18S5), Fairley (D.R.P., 97 , 4 O 0 ! English Patent, 1,686, 1896), cf. 
Lunge (" Sulphuric Acid and Alkali,” Vol. III.). Feld (English Patent, 5,7761 1906 ; American 
Patent, 839,741 j D.R.P., 171,172, 178,620) has recently improved the process. 

The theory of the process, accoiding to the Pliase Law, has been worked out in full by Fedotieff 
and Koltunov, Ztits. anorg, Chem.^ 1914, 8$, 247-260. 

Numerous attempts have been made to realise the production of ammonium nitrate from the 
equation ; — 

uNaNOa + (NH^laSO. = NaaSO, + aNlfjNOj. 

Concerning this the following patents should be consulted Roth (D.R.P., 48,705, 53,364, 
55,155, 149,026), F. Banker (D.R.P., 69,148), T. F’airley (English Patent, r,667, 1896), J. V\ 
Skoglund (D.R.P., 127,187, I90t), E. Nanmann (D.R.P., 166,746), Caspar!, Nydegger, and 
-^Goldschmidt (American Patent, 864,5I3P D.R.P., 184,144), C. Craig (English Patent, 5,815, 
1896; D.R.P., 92,172), R. Lennox (D.R.P., 96,689), VVahlenberg (English Patent, 12,451, 
1889), Campion and Tenison-VV'oods (English Patent, 15,726, 1890). 

Ammonium nitrate is extremely soluble in water and hygroscopic. These propeflies mitigate 
to some extent against its usefulness as a manure. When dissolved in water a lowering of 
temperature up to -16.7“ C. is attainable. Owing to its great solubility in water it cannot be 
manufactured by the double decomposition of sodium nitrate with ammonium salts. 

Sodium Nitrite, NaNO.,. — Some 5,000 tons of this substance are now annually 
produced for the purpose of diazotisation in the manufacture of dyes (see Martin’s 
“Industrial Chemistry; Organic”). 

Until recently it was made solely from Chile «tltpetre by heating with metallic 
lead to 450' C. ; — 

NaNOj -I- PI) = NaNOj + PbO. 

See J. Turner, /w/r.h. Chem. Ind., 1915, 34, 585, for details. 

At the present time it is now almost exclusively produced by the cheaper 
process of leading the hot nitrous gases coming from the furnaces for the manu 
facture of nitric acid by the Birkeland-Eyde process (pp. 443-446) up a tower down 
which streams NaOH or Na-jCOj solution. 

When the hot nitrous gases from the furnace are thus treated when at a 
temperature of 2oo‘-3oo' C. (when they consist of a mixture of NO and NO._, 
molecules), there is produced a nitratc-free sodium nitrite, NaNOj, which is now 
manufactured in this way in Christiansand. For further particulars see p. 447. 
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NITRIC ACID, HNO3 

Within the last thirty to forty years a very great change has come over the 
character of the nitric acid manufactured. At one time the only acid placed on 
the market was an acid of 55-68 per cent. HNO, (i. 35-1. 41 sp. gr.), and the some- 
what stronger " red fuming" acid ; at the present time the bulk of the nitric acid 
made has a strength of 95 per cent, and over (1.5-1.52 sp. gr.). In order to 
produce arracid of this strength very considerable difficulties hare to be overcome, 
since 100 per cent. HNO3 is only stable below o” C., and begins to boil at 86" C., 
evolving red fumes and partially decomposing according to the equation ; — 

2HNO3 = NO + NO, + O3 + HjO. 

As the nitrous gases escape the boiling point of the acid rises, and it is only 
when a liquid containing 65 per cent. HNO, (1.4 sp. gr.) is attained that the 
mixture distils over unchanged under atmospheric pressure at 120” C. These 
difficulties are now almost completely overcome with modern apparatus. 

Nitric acid is now made on the large scale by three distinct processes 

(1) Manufacture from Chile Saltpetre and Sulphuric Acid. 

(2) Manufacture by Electrical Oxidation of the Atmosphere. 

" {3) Manufacture by Catalytic Oxidation of Ammonia. 

We will consider each process in detail. 

(i) Manufacture of Nitric Acid from Chile Saltpetre.— Nearly equal 
weights of Chile saltpetre, NaNOj, and “oil of vitriol” are heated together in large 
iron retorts, often capable of holding some 5 tons or more of the mixture. The 
quantities taken correspond to the equation 

NaNOj -f HjSOj = UNO, + NaHSO,. 
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This reaction 12} carried to (XHn^etion at a temperature under 150* &ere^ avoidii^ much 
.loss by decompc^tion of the nitric acid. A much higher temperature with half the amount of 
sulphuric acid is necessary to cause the formation of the neutral sulphide*- according to, the 
equation; — 

aNaNO, + HjSO^ = Na^O^ + 3HNO3. 

This latter action, however, in the best practice is never used, becaui^ the high temi^iatare 
necessary to complete the action causes a very considerable decomposition of the nitric acid 
formed ; also the neutral sodium sulphate remaining sets to a solid mass, and catLses great dUBcmlty 
as regards removal from the retort; also the action takes a much longer time to complete, and 
requires more fuel. ' 

By working not much over 150* C. and using more sulphuric acid, as corresponds to the first 
equation, the bisulphate is obtmned as an easily fusible mass, which is withdrawn in a fluid 
condition the retort merely by opening a pli^ at the base. However, in actual practice, 


A 




right towards the end of the action the temperature is raised somewhat, when the bisulphate 
foams somewhat and is probably converted into pyrosulphate, thus 
aNaHSO^ = NajSgO, + HjO. 

This pyrosulphate (or disulphate) is run off in a fluid condition into iron pans, where it 
Mlidifles and is used for the manufacture of normal sodium sulphate by beating with salt, NaCi, 
m mechanical sulphate furnaces. Part of this ** nitre cake,” ba the product is called, is now 
converted into sodium sulphide, Na^. 

The kind of sulphuric acid used varies with the nature of the nitric acid it is 
desired to produce. For a dilute nitric acid of 1.35-1.4 sp. gr. it is suffident to 
use 60' Bi. (141’ Tw.) sulphuric acid direct from the Glover tower, The first 
distillate will be strongest, and the last nearly pure water. Should, however, a 
stronger HNO, of over 1.5 sp. gr. be reqnired (as is now nearly always the case), 
a more concentrated 66’ B6. (167* Tw.) sulphuric acid must be employed, and the 
NaNO, il’bftin previously melted. 

Eicm of 11 , 80 , is bad, for although it does not iojure Ihe quality of the HNQ, ptodnied. 
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jret it diainishej the value of the NaHSO, or NujSjO, (nitre cake) produced as a by-product for 
the manitlactnre of sodium sulphate. 

We have seen above that when nitric acid boils, a mixture of NO and NO.^ 
gases is produced, and the NOj, condensing, would cause the nitric acid produced 
to be contaminated with nitrSus acid (2N02 + H20 = HN 02 -i-HN 03 ). This 
contamination may be very simply avoided by keeping the condensed distillate 
hot until it escapes from the cooling worm, or else by blowing air through the hot 
acid by means of an injector. 

The plant used in practice is shown in Fig. i, which shows the usual 
cylindrical cast-iron boiler b, the sulphuric acid and nitrate being introduced at 
E, while the nitric acid distils away through a. Such a cylinder will hold over 
5 tons of the mixture, and is heated over a fffee fire. The cast iron is scarcely 
attacked by the nitric acid vapour. 



Fig. 2.— Doulton's Nitric Acid Condensing Plant. 


The retort is emptied after the distillation by turning the screw stopper d, when 
the fused hisulphate and pyrosulphate pours away through the trough c into an 
iron pan £. 

For veiy small installations sometimes an earthemvare “ pot ” relorl is used. 

Since the specific heat of strong nitric acid is small, the fuel consumption for distillation is low j 
the condensation of the vapours is readily effected. 


The condensing arrangement consists of a series of earthenware or stoneware 
teftsels, pipes, etc., which are luted together by means of an asbestos water- 

glass lute. 


Fur. 2 shows an air-cooled condensing arrangement made by Doulton & Co., of Lambeth, 
Lottd^ A is the still head, the nitric acid from which passes into a prelirainary stoneware 
recriWne vessel fl, and thence into a series of air-cooled vessels Bj. c is an eartheniwe condensing 
worm immersed in a cooling tank of water, while Dare condensing towers, uMally^ked with 
glais balls or cylinders, or sometimes provideil with plate columns, down which tackles water to 
r Abtorb the last trace of free acid. 
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Fig. 3 shows a ** Gziesheim ” condensing system^ much used in Germany. Here the nitric 
add, distilling out of retort a, passes 6rst into B and then into an earthenware condensing coil s, 
standing in cold water. The vapours then pass through the pipe F, through a series of earthenware 
receivers, and then into the plate column condensing tower o. 

First of all, at the lowest temperature the strongest acid distils over, contaminated, however, by 
HCl, NOgCI, and similar chlorine-containing volatile compounds. Next, there disdls over the main 
quantity of strong add, ^rly pure, but contaminated with red nitrous fumes. To oxidise these 
a stream of hot air is blown In at 

In some forms of apparatus Oscar Guttmann’s) the oxidation is automatically effected by 
causing the gases coming from the still to pass into an enlargement in the pipe, where th^ jMroduce 
an injector action and suck in a quantity of air through perforations in the socket pipe, thus causing 
oxidation of the nitrous to nitric add. 

The air not only purihes the condensed nitric acid from nitrous acid, but also frees it h’om 
volatile chlorine compounds, such as NOgCI. By r^nlating the temperature of the water in which 
the cooling coil e (Fig. 3} Is immersed, the quality of the acid collecting in B can be also regulated 
to some extent, and the acid can be withdrawn in successive fractions as it conies over into the 
receiver c. In the tower G (Fig. 3) all the nitrous fumes finally escaping condensation are 
absorbed by the down-streaming water, so as to form a dilute nitric acid of t.35-t.36^p. gr. The 
water enters at h. 



Other excellent condensing systems have been devised by Hart, Thomson, and 
others. 

Valeatiner’s Vacuum Process.— In this process the outlet pipe from the 
still passes into a small receiver, half filled with pumice stone, so that any acid 
or solid coming over as spray or foam from the still is retained The vapours then 
pass on through two watcr<ooled stoneware coils arranged in series ; the vapour 
is next passed through two separate series of receivers. 

Here, by means of a three-way tap, the condensed acid may, either at the 
beginning or end of the distillation, be collected in a large receiver while the 
concentrated 96 per cent. HNO^, coming over intermediately, may be collected 
in the separate receivers. From these receivers the vapours pass into a reflux 
condenser consisting of an earthenware coil immersed in water. 

Next, the vapours pass through eight receivers, alternately empty and. balf'filled 
with water. Finally come seven receivers, alternately empty and half-iilled with 
milk of lime, which removes the last traces of the nitrous gases. The last receiver 
is connected with a vacuum pump. 

This system offers great advantages, since the decomf^tion of the strong add is largely avoided 
under the diminbhed temperature of distillation, resulting from the diminidied air premre over 
the still The tiiM of distillation is also greatly reduced, thereby causing a great saving is fuel. 
The process is gatni^ ground, since no leakage of injurious fumes and a larger and purer yield 
of acid is claimed. The first coat, however, is heavy (see United States Patent, 930^324). 
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(2) Manufacture of Nitric Acid from the Atmosphere. — The atmos- 
phere contains about 4 j04i>20o,ooo,ooo,ooo tons of nitrogen, together with about 
one-fifth this amount of oxygen gas. There is thus an inexhaustible supply of 
nitrogen available for conversion into nitric acid or nitrate, and thus available for 
manurial purposes. The nitsogen in the 'air over a single square mile of land 
amounts to nearly 20,000,000 tons of nitrogen— sufficient, if suitably combined as 
nitrate or nitric acid, to supply at the present rate of supply the world with manure 
for over half a century. 

The problem of directly uniting the oxygen and nitrogen of the air to form nitric acid and 
nitrate was first solved in a commercially successful fonn in 1903 by Birkeland and Eyde. In 
1907 they established a factory at Notodden, In Norway, utilising the 40,000 H.P. there 
available from waterfalls. In the same year the Badische Anilin- und Soda-Fabrik built an 
experimental works at Christiansand, in Norway, aifd an agreement was come to between the 
interested firms whereby a company possessing a total capital of 34,000,000 kronen came into 
existence, which in 191 1 opened a large works on the Rjukan Falls, near to Notodden, with 

125.000 H.P. However, the Badische Anilin- und Soda-Fabrik have since withdrawn all iheir 
capital from the concern, selling all their rights in the manufacture of nitric acid from the 
atmosphere to the French Scandinavian Co. The cause of this is possibly the perfection by 
the B.A.S.F. of their process for making synthetic ammonia cheaply and thence oxidising it into 
nitric acid (see p. 440). Other works are building or are built in Norway and Sweden, and 
similar factories, using different systems as described below, have come into existence at Innsbruck, 
in Italy, France, the United Stales and other countries possessing considerable water power for 
the generation of electrical power. Altogether the industry is now well established. 

At the present time, however, 1 H.P. per year can only produce i-i Ion of nitrate per 
year. There are, it is cdculated, some 5-6 million H.P. available in Norway, and some 50,000' 

60.000 H.P. available in Europe, so that were it possible to harness all this power for the sole 
manu&cture of nitrates from the air it would be possible to produce some 50,000,000 tons of 
nitrate annually. The amount now produced is far under 200,000 tons annually. 

The process adopted for making nitric acid from the air is to oxidise the latter 
by means of an electric arc, whereby the nitrogen and oxygen directly unite to 
form nitric oxide, NO. This latter takes up oxygen from the air to form nitrogen 
peroxide, and the nitrogen peroxide is then absorbed by water, with the production 
of nitric and nitrous acid, 

TheoreticaL—When air is strongly healed, atmospheric oxygen and nitrogen directly unite to 
fbrm nitric oxide, NO, according to the equation— 

+ O2 = 2NO - 43,200 calories. 

The process is reversible, and depends upon the equilibrium represented by the expression;— 

P P 

K- (0*) (N,) 

^ (NO) 

where P represents the partial pressures of the respective gases, and K is the reaction constant. 

Also the reaction is endo-thcrmic (i.e., the formation of NO is attended with the absorption 
of heat), and consequently is favoured by a high temperature, as is shown by the following results 
of. Nernst aiwr^. Chem.^ 1906,49, 2131 Zeit, EUktrochem., 1906, 12, 527) interpolated for 
simplicity 


Temperature 

1 'C. 

2. 

Per Cent. Volume | 
NO Observed. 

3 - 

Per Cent. Volume 
NO Calculated. 

' 1,500 

O.IO 


1.53S 

0-37 

0.35 

1,604 

0.42 

1 0.43 

1,760 

0.64 

1 0.67 

1.922 

0.97 

i 0.98 

2,000 

1.20 


2,307 

2.05 

1 2.02 

2,402 

2.23 

1 2-35 

2,500 

2.60 


2,927 

5.0 (approx.) 

1 4-39 

3,000 

5-3 
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The second column represents the volume of NO found iiV'ioo volumes of air, which have been 
exposed to the temperature indicated in the first i»iumn. The third column repremti the amount 
of NO which should have been fonnd as calculated from the law of mass action and the heM 
of formation. 

It will be seen from this that the reversiAe reaction, N^+O^^UfjiNO, is veiy inaHnplete» 
only a small but definite amouAt of NO bein^ produced, the quantity, however, inentuin^ tu At 
ttn^eraittre m«r, a very lai^e quantity of NO being found above 3«ooo* C Nov Nemst' and 
Jeilinek showed that the equilibrium, Ng+Q,'^ yaNO, is almost immtdiaieiy estt^Uskid a 
fraction of a second) at temperatures over a, w*", but below this an appredaUe time is required 
to establish eqailibrium, hours being required below 

This is clear from the following table, comiMied imm Jellinek's results (ZfrA anor^. Ckem.^ 
1906,49,229):- 


c 

Absolute 

Temperature. 

! 

Time of Formation of Half 
the Possible Concentration ^ 
of NO from Air. 

1 1,000“ 

Si.fra years 1 

1,500’ 

1.26 days j 

1,900° 

2.08 mins. ! 

2, 100° 

5.06 secs. i 

2,500° 

1.06 X 10"* secs. 1 

2.900* 

• 3.45 X 10’* secs. ! 


Qmsequently, the decomp^ition of NO into Ng and Og proceeds slowly that its isolation is 
possible in appreciable quantities, if tiu codling; to bebw 1,500^ C. is carried out rapidly enough. 

To make this clear to the lechoical student, wc will suppose that (according to Nemst results 
above tabulated) air is exposed to a temperature 3.000'' C. Then in 100 roU. of thu air vil) be 
found 5.3 vols. of NO, and this equilibrium will be established m the fraction of a second. Let now 
this 100 vols. at r.ooo'’ C. of air be suddenly cooled to say i, C. Then, according to the 
equilibnum conditions tabulated by Nemst in the above table, the 5 per cent, of N.O in the lOo 
vols. of air will gradually decrease, according to the equation, 2NO^^ZI^s'^^ tintil, after 
waiting until complete equilibrium is attained at 1,500° C., only ai per cent. vol. of NO is 
left, as corresponds to equilibrium at this temperature of >•^00'' C. However, to reach this 
equilibrium at the lower temperature requires some time, and if the cooling takes place in a 
fraction of a second, practkaliy aO the 5.3 per cent, of NO in the air at 3,000* will be found in 
the air at 1,500° (as the NO will not have had time to decompose), and if the air be kept for 
many hours at 1,500° the percentage of NO will gradually decrease from 5 per cenL in the sample of 
air until it reaches tliat which corresponds to true equilibrium at 1,500° C., via., a l per cent. NO. 
But DOW suppose we do not stop the coolii^ |Woce&s at i,5cx>°, but cool it in a fracdon of a second 
from 3,000° C. down to 1,000° C., then practically we will have 5 per eeoL NO in our aami^ of 
air at 1,000° C., and although the eqailibrium at this temperature requires that practkaliy all the 

NO would decompose into 0 and N, thus;— 2NO ^-Ng-f Og, yet we would have to wait years 

for this action to proceed to completion, and so we could keep our specimen of air containing 5 per 
^t. NO fw many hours at 1,000° C. without much loss. 

Hence we may formulate the conditions of practical success for the isolation 
of NO as follows 

NO is endothennk, and like other endotbennic substances its stability incrCMM as (be 
temperature rises, and it is capable of existing in very large quanlities at ve^ high tempcrUpref, 
sodi as 3,ooo°'5,ooo° C. It is also capable of existing stably bdow 1,000° C., tet If ttwtitNf tr 
intermediate temperatures. Hence in order to kotale reasonable quantities of NO we mmt 
(i) cause the fi^matioo of NO to take place at very high temperatures, such as 3,000*-10,000* C., 
whmi large amounts are formed ; (2) (hen extremely rapidly cool (he NO formed Ihroug^ the intfT- 
mediate unstable range of tempenuure, 2,500°, to a stable low temperature, e,g., i,ooor C. 

If the cooling is efected quickly enough, altb^b some of the NO is decomposed as it cook tbiot^ 
the unstable k>wer temperature, yet sufficient survives so u to make an appreeiaUe unovat w 
ensting at ],ooO* C, which then ceaw to decompose forther. god so is available for eonvfff io ft 
into nUnc a^. Now in (H'actke the iuteme heattr^ of the air to very hi^ tempenuorei st^ 
^odO*'5,ooo° C., necessary to cause a reasonaUe oxiwtion of the air to NO, u prodneed hy tt 
jh^otanon altematii^ current of some 5,000 volts. 

.T!ds electric cunent not only produces the onioo of the 0 and N as a par^y thenoid 
bit also frmiies die ^r and causes a direct onioo by means of ekctrkid ewfcy, nt^ n OiOttfr 
is formed from ongen by means of a silent electikal discharge. So that modi laq^ qaattit|»:^ 
of NO are oMrinw Uian strictly corresponds to the tberroal conditions, e.g., fiaber and 
iZ/ifi Rid^hom., 1907, 13, 725 j 190$, p. 689), bjr means of a (relaUv^) edd eleetdeal ue^ 
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only 3,000‘ C, were able to isolate no less than 14.5 vols. of NO by mixing equal volumes of nitrogen 
and oxygen gases together. The njiion takes place in the proportions Nj : O2, and therefore the 
mixture of gases in the atmosphere, e.g., 21 per cent. O to 78 mc cent. N, is not the most fevour- 
able mhWre for the formation of NO. Technically, however, the addition of O to the atmosphere 
to improve the yield of NO is inapplicable at present on account of cost. 

For technical suci^ it has teens found essential to use a high-tension alternating arc. By 
em^oying a low-tension electrical arc (e.^., such as is used for manufacture of calcium carbide 
or tm ordinary arc lampi) or by employing electrical sparks from a Ruhmkorff coil, only very 
small amounts of NO were obtainable. 

Another essential condition for technical success is the sudden and rapid cooling of the 
enormonsly hot gas in the arc (e.g., 3,ooo°-io,ooo“ C.) to a temperature below 1,500° C. 

We will describe only the following three electrical furnaces, all of which have 
been used on a large scale with technical success for combining atmospheric oxygen 
and nitrogen. * 

(1) The Birkdand-Eyde Furnace. 

(2) The Pauling Furnace. 

(3) The Schdnkerr Furnace. 


(i) The Birkeland-Eyde Furnace.— Fig. 4 is a diagrammalic sketch of 
this furnace. The electrodes 
consist of two copper pipes 
A and B, kept cool by a 
current of water, and separ- 
ated by 8-10 mm. They are 
connected with a high-tension 
powerful alternating current 
of 5,000 volts, which forms 
an arc between them. The 
arc is placed between the 
poles of a powerful electro- 
magnet, which then blows it 
out into a wheel-like disc of 
flame, 2 m. in diameter, 
composed of burning oxygen 
and nitrogen. The whole is 
enclosed in a refractory 
casing, shown in section in 
Fig. 5 and a general view in 
Fig. 6 . The swtion, Fig. 5, 
shows how air is blown in to 
feed the flame. The air 
enters at a, a and passes in 
through holes in the refractory lining. The electric flame plays down the disc-like 
space cc, and the burnt gases come out at i> and then pass away to the absorption 
plant, as indicated in Fig. 5. e,e are the wires of the electromagnets. 

For further particulars the reader should see Crossley, lac. cit . ; also the Zeit. 
Ekktrodum., 1905, II, 252; Birkeland, Trans. Faraday Soc., 1906, 2, 98; Eyde, 
Jnrn. Rvy. Soc. Arts. 1909, 57, 565 ; Scott, /wrrr. Soc. Chem. Ind., 1915, 34, 114- 

Id »lrit* of the enormously high tempeiature of the disc flame (over 3.500° C. ), the temperature 
(rf the walls does not rise above 800° C. owing to the cooling effect of the current of atr. The 



Fit;. 4.— Diagrammatic View of ihe Birkeland-Eyde 
Electric Furnace. 



Tte copper efectiodes last 400-500 hours before they must be recited. ^ 

Aiv^ug to Haber and Koenig (Zeit. EUUndum., tpio, l6, i t) the Bickeland-Eyde furnaces 
yo «. of HNOj per kilowatt-hour, and the concenttalton of the NO pranced is 2.0 ^r cent. 

approximately correct that . H.P. per year can produce about 4-1 ton of calcium 

Bitnte. 

(») TTie Pauling Furnace.— This is shown in Fig. 7. The main electrodes 
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A and B are bent into the shape of a V, a,hh being a section of one main 
electrode, and b,kk a section of the other. The ba^e of the electrodes thus forms 



Fig. 5.— Section through the Birkeland- Fjo. 6.— External View of the 

Eyde Furnace. Birkeland'Eyde Furnace. 


at MN a vertical slot, through which are introduced thin ‘‘lighting knives r,r." 
These “knives” can be brought very close together, 2-3 mm., by the screwing 



Fig. 7. — The Fauling Furnace. 


arrangement p,p, and the arc, thus lighted at the narrowest portion of the spark 
gap, shows a tendency to rise up between hh and kk, owing mainly to the up^ 
pull of the hot gases, but is interrupted at every half period of the alternatine 
current, only to be reformed at the lowest and narrowest part of the 
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Through a nozzle C a stream of previously heated hot air is blown upwards into 
the arc, causing the air to diverge and form 
between the V-shaped main electrodes a flame watc.r 

of burning 0 and N, sometimes a metre in 1 

length. The very thin ignition blades soon 
burn away, requiring replacing every twenty 
hours. The main electrodes require replacing 
every zoo hours. Two such arcs in series are 
contained in each furnace, which is made of 
refractory material. 

The gases leave the furnace at a temperature of 
70 o“*8oo‘‘ C. containing 1.5 per cent. WO. Twenty^ 
four of these furnaces, absorbing 15,000 H.P., were 
in 19I! at work at Patsch, near Innsbruck, by the 
Salpetersaure Industrie Gesellschaft, eacli furnace 
taking 4po*kw. at 4,000 volts, and being supplied with 
600 cm. of air per hour. Much larger ^rnaces of this 
type are now being erected at works near Milan 
{10,000 H. P.) and nt Roche-de-Dame in South France 
(10,000 H.P.). 

According to Haber and Koenig {Zei/. EUk/rockem., 

1910, 16, 11) the Pauling furnace produces 60 g. of 
HNO3 per kilowatt-hour, the escaping gases having a 
concentration of 1-1.5 NO. 

For further particulars of this process see Scott, 
fount. Roy. Soc. Arts.^ 1912, 60, 645; also Zeit. 

EUktroihvu.^ 1907, 13, 225; 1909, 15, 544; 1911, 

(3) The Schdnherr Furnace.— Fig. S 
gives a view of this furnace, aa is an 
insulated high - tension iron electrode, the 
other electrode being the iron piping ee, 
into which aa projects, and an opposing 
electrode o'. An arc is thus formed between 
the electrode aa and the iron piping ; but 
a stream of air is blown in peripherically at 
the base of the piping, through a series of 
orifices xx, in such a way as to cause a 
whirling movement in the tube ek, and so 
causes a whirling flame of burning O and N 
to run up the tube eee, being cooled at the 
top by the water-cooling arrangement f,f. 

The hot nitrous gases stream away from ee, 
down the external pipes h,h, and so out 
through M, into the plant for absorbing the 
nitrous fumes. The air enters the furnace at 
C, and is heated to a high temperature (about 
500 ' C.) before being blown into the arc 
(through the orifices at x) by passing up the 
tubes D,D, and down the tubes b,k, both of 
which are heated by the hot gases streaming 
away from the furnace. The arc is started 
by pressing the lever z, which brings an iron 
bar into momentary contact with the iron 
electrode a. The arc burns as steadily as a 
candle flame, and is observed through peej)- 
holes at k and o, The furnace is con- 
nected electrically to earth, so that all parts 
can be handled with impunity, except only 

t“e insulated electrode a. The electrode a requires replacing every four months 
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Fig. 8.— The Schonherr Furnace. 
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At Chri^tansand, m Norwav, the Badische AniUo- uod Soda-Fabrik erected iB 196? a 
employing these furnaces, each bdng supplied with 600 H.P. at 4,20a wits. Others tri 
«si»g 75° H.1’. Hid requiring 40,000 cnb«,ft. of lir per hour, proriuring ucs 7 yds. 

fnmuce H a temperalure of 850“ C, and contain a-a.e per cent. 
NO. According to Haber and Koenig, Zeit. E/tilnckem., 1910, 16, 1 1, the yidd in grama HNO, 
per kilowatt-honr is 75 g. and the NO produced amounts to a.S per cent. 

For further pMticulars of this process see Schonherr, Tram. Amcr. Elektndum. Soe., loog, 
id, 131. 

E. K. Scott (/dirm. Sw. Chem.lHd., i9iSi34> > 13 ) describes a new type of fuiMce. ■ 


General Plan of Plant for the Manufacture of Nitrates by 
Electrical Oxidation of the Air 

How the manufacture of nitric acid and nitrates from the air is carried out 
technically by rneans of the electrical furnaces above described will be seen from 
the diagrammatic sketch. Fig. 9. a is an air compressor which drives the air into 
the elec|rical furnace b (which may be any of the kinds described above). In this 
chamber b, the air is passed into a very hot electrical arc flame, where it is heated 
to a very high temperature, say 5,ooo'-to,ooo" C, in the immediate path of the 
arc. Here union takes place, NO being formed. The hot gases passing away 
from the arc experience a sudden fall of temperature (although the fall is so slow 



Fic. 9.— Plan of Plant for the Manufacture of Nitrates by the Electrical Oxidation of the Air. 


that in practice most of the NO formed is decomposed again), and the gases escape 
from the furnace at a temperature of Soo'-r.ooo* C. containing only 1.5-a per cent, by 
volume of NO, the rest being unchanged oxygen and nitrogen (r.^., 30 mg, HNO, 
per litre). The hot gases at 800-1,000’ C. stream into a cooling chamber c, where 
the temperature falls to about 500’ C., and then are passed, still very hot, through 
a series of tubes contained in a number of tubular boilers. Here they give up 
their heat to the water in the boilers, the latter developing a pressure of 130 lbs. 
on the squ^e inch, and thus sufficient steam is generated to work all the necessary 
machinery in the works, the use of coal being thus entirely done away with. The 
gases leave the boilers at a temperature of only 200 ’*25®* C., and by pn suing 
through another cooling arrangement their temperature is further lowered to ab^ 
50 C, whm they finally enter a large oxidation chamber G, consisting of a series 
of vertical iron cylioderg with acid-proof linh^ Now the nitric oxide only hMfl 
to unite (2NO -P-eOjuxeNCU with the oxygen of the excess air at a tempeMtore 
Mow 500* ^ so the formation of nitrogen peroxide, NO- already bea^ ill 

Umgaae^sM^idnS ^oxidation is nearly completed in the large OMdation l^ber 

of 98 per cent of air, and 2 per wnt a 
mixtare of |5 per cent NO, and 25 per cent, NO. . o x per wni. a a 

Next ^ gases pass from the oxidation chambers into a series nt 
towers X (one tower only bring shown), where they meet a stream 
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fatw, aod the nitrous peroxide is absorbed with the formation of nitric and nitrous 
|ci<n, thus 

* ( 1 ) 2NO2 + H2O HNO, + HNO, 

Nitro^n Water. Nitrous Nitric’ 

peroxide. acid. add. 

(a) NO + NO^ + H2O = 2HNO, 

Nurfc Nitrogen Water. Nitrons 
oxide, peroxide. ai^. 

According to the* equations much nitrous acid is formed. However, in pcaetice, milk imreasmi 
miHtratifiH, ike nttr&us acid becomes unsiaiU and decomposes into nilric acid and nitric oxide 
^hUfl !— ’ 


3HNO2 = UNO;, + 2NO + H« 0 . 

Under cm^n conditions of temperature, and by diminishing the amount of water, the instability 
>1 nitrous and is so marked that practically only nitric aqjd is finally left in solution. 

The absorption of the nitrous fumes takes place in such a way that the first 
absorption tower contains the strongest acid and the last the weakest acid, the 
pr^tical result being that the first tower not only contains the strongest nitric 
acid, but also an acid practically free from nitrous acid. The NO passes jn from 
absorption tower to absorption tower, and is oxidised to NO. and absorbed 
according to the equations given above. Hence the amount “of nitrous acid, 
HNOj, increases in each succeeding tower, until in the fifth tower (which is fed 
with a solution of sodium carbonate) only pure sodium nitrite is formed. 

The absorption towers consist of three series of stone towers, 20 m. high and 
6 m. internal diameter. Each series contains five towers, viz., three acid and 
two alkali towers. The acid towers are built of granite slabs bound together by 
iron rods, having a capacity of 600 cub. m. They are filled with broken quartz, 
over which water (or the dilute nitric acid formed) is slowly flowing. The alkali 
towers are built of wood bound together by wooden rods, and having a capacity of 
700 cub. m. ; they also are filled with broken quartz, down which flows a solution 
of sodium carbonate. The passage of the gases from tower to tower is aided by 
aluminium fans. 


The water is allowed to flow down the third absorption tower (being once more pumped to the 
top wlren it teaches the bottom) until it attains a strength of 5 per cent. UNO, by volume. This 
liquid is then pumped to the top of the second lower, where it is allowed to circulate until it attains 
the strength 01 20 per cent. HNO3 by volume. Ne.xi the acid is pumped to the top of the first 
tower, where, meeting the fresh gases from the oxidation chamWrs, it attains the strength of 
40-60 per cent. HNOg by volume, and thus, nitrous acid being under these conditions unstable, 
the firrt tower is made to contain not only the strongest nilric acid, but also an acid free from 
nitrous add (see above). 

The towo coming after the third tower is the alkali tower, being fed with sodium carbonate 
solution, and in this fourth tower a mixture of sodium nitrate and nitrite is produced (sodium 
nitrate). T^e fourth tower, likewise fed with sodium carbonate solution, produces practically pure 
sodium nitrite, as aboye explained. 

The total absorption in these towers is over 98 per cent. 

The main product of manufacture is the 40 per cent, by volume nitric acid 
obtained from the first tower, i kilowatt-year gives 550-650 kilos of HNO5 
(calculated as too per cent.). 

Five finished products are made in the works 

(i) M per cent HNOj from the first tower. 

(a) Calcium Nitrate, CaNOj, made by running the crude nitric acid through 
a series of granite beds filled with limestone (CaCOj) until the liquid contains under 
0.5 percent, free HNO,. The liquor is neutralised with lime, evaporated in vacuum 
paiuruntirof 1.9 sp. gr., and allowed to solidify. It is then either exported in drums, 
ot ground up and put into casks, being sold as “ Norwegian saltpetre.” It is 
reddish brown to black. It is further described on p. 435. 

(3) Sodium Nitrite, NaNO..— The liquid from the fifth absorption tower is 
em^rated, run into shallow tanks, allowed to crystallise, centrifuged, and the 
dystab dried in a current of hot air. The product contains 99 per cent. NaNOj, 
beiiw sold u a fine white powder (see p. 436 for properties). 

NiUntei are also made from the furnace gases by passing the latter, still at a 
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temperature of 20o°-3oo” C., directly up an absorption tower fed with sodium 
carbonate solution. Under these conditions only nitrite is produced according 
to the equation ; — 

NasCO, + NO + NOa = aNaNOj + COa- 

In the experimental factory at Christiansand all <the nitrite produced is made by 
this process. 

(4) Sodium Nitrite Nitrate. — A yellow crystalline material produced by the 
first alkali tower. It contains 50 per cent. NaNOj, 43 per cent. NaNOj, and 
7 per cent. HjO, together with a little unchanged sodium carbonate. The substance 
is used instead of Chile saltpetre for the manufacture of sulphuric acid by the 
chamber process. 

(5) Ammonium Nitrate, NH^NOj. — Produced by neutralising the 40 per 

cent. HNO3 directly with ammonia liquor of 0.880 sp. gr. The liquid is evaporated 
to 1.35 sp. gr., is allowed to crystallise, centrifuged, dried in hot air, when it 
contains 99.9 per cent. NHjNOj. * 

• 

Manufacture of Nitric Acid from Synthetic Ammonia 

(The Ostwald Process.) 

Recently ammonia, NH^, has been manufactured extremely cheap by several 
methods, e.g., directly from its element^ also by passing steam over nitrolime. It 
has, consequently, greatly fallen in price, and has thus become available as the 
starting-point for the manufacture of nitric acid. 

Kuhlmann io 1S30 oxidised ammonia, using platinum as a catalyst, but anirounia was in those 
days too expensive for practically producing nitric acid by this process. About 1900 Prof. 
Wilhelm Ostwald, together with his assistant, Dr Brauer (sec Chm. Zeitun^.y 1903, 457, also 
English Patents, ^8, 1902; 8,300, 1902; 7,909, 1908; American Patent, 858,904, 1907; Ostwald, 
Berg. u. HuUenm. Rundschau^ 1906, 3, 71 ; Schmidt u. Bocker, B<r.^ 1906, p. 13W), reinyesligat^ 
the process, and an experimental plant was erected in which some J50 tons of dilute nitric acid 
were produced per month. Even at that time, however, ammonia seems to have been too expensive 
for the process to compete with the sodium nitrate process of manufacture. 

Recently, however, ammonia has been produced at one-fourih its former price (by the synthetic 
process), and so the difficulty as regards the first cost of ammonia appears to have vanished. 

Also the process in Us original form H-as imperfect. The technical details were gradually 
improved, and in 1909 a factory was built at Gcrtc, Westphalia. Numerous other factories are 
now beii^ erected. Works exist in Belgium, near Dagenham on the Thames, Trafford Park, 
Manchester, in Scotland and Ireland. Rudolph MesscI {/ourti. Soc. Ch$m. I9**» ^54) 

has pointed out that the production of nitric acid from the air (sec above) is at present confined to 
countries producing water power, and that the resulting nitric acid is very difficult to transport ; on 
the other hand, ammonia is producible almost everywhere (since not much energy is r^uired in 
its production), and can, with an Ostwald plant, lx readily oxidised on the spot to nitric acid. 
Consequently this new process, especially since the protluction of synthetic ammonia, may ultimately 
prove the most important technical method for producing nitric acid. 

For further details see Donath and lodra, “ Die Oxydalion des Ammoniaks au Salpctcrsaure 
und Salpetriger Saure” (Stuttgart, 1913) ;*see also under Ammomum Nitrate, p. 435. 

Under the influence of a catalyst, ammonia, NH,, can be oxidised by air to 
form water and nitric acid or oxides of nitrogen ; thus ; — 

(1) NH, + 20,= UNO, + HjO. 

However, unless certain conditions are maintained, the oxidation may be incomplete 
and only nitrogen gas be produced, thus 

(2) 4NH, + 30, = 2N, -r 611,0. 

This formation of nitrogen was one of the chief difliculties to be overcome. 

Now, in order to obtain a technically useful result, the operation must be so 
conduct^ that the first reaction (i) is practically complete, whilst (2) must be as 
small as possible. This result is attained by using, for example, smooth or solid 
platinum, which causes the first action, viz., the pr^uction of nitric acid, to take 
place almost quantitatively, the production of free nitrogen being unnoticeably 
small. However, the action is slow with the use of smooth platinum atone. On 
the other hand, finely divided platinum, or platinum black, accelerates Mi re- 
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actions, but accelerates the second one (U., the production of free nitrogen) more 
than the first. However, by moderate use of the finely divided platinum (platinum 
black) with the smooth platinum, the operation can be so performed that the 
action takes place rapidly, but without any great formation of free nitrogen. 

W. Ostwald, therefore, in his English Patent, 698, 1902, advised that the 
platinum should be partly covered with platinum black, and that the gas current 
should pass at the rate of 1-5 m. per second through a length of i cm. or 2 cm. of 
contact substance maintained at about 300° C. 

It is unnecessary to heat the platinum, since heat is liberated in the course of 
the reaction, which raises the temperature of the platinum to a sufficient extent. 

The actual contact between the gas and the platinum should not last longer 
than one hundredth second, and so a rapid stream of gas is essential in order to 
fulfil this condition. 

The arpmOnia is mixed with about 10 vols. of air in order to conform to the 
equation : — 

NHj + aO.j = HNO3 + IIjO. 

I vol. ^ 2 vob. 0 ^ 

(In iovoU.air). 


The catalysts are arranged in a kind of semi-parallel system, so as to allow the 
cutting out of any section. The nitric acid vapours are condensed in towers in 
which they meet nitric acid ; the addition of water is unnecessary, since it is formed 
during the oxidation of the ammonia. 

The plant in operation at the Lothringen Colliery Co., near Bochum, was in 
1912 producing 1,800 tons of nitric acid and 1,200 tons of ammonium nitrate 
annually. At these works the carefully purified ammonia mixed with 10 vols. 
of air is sent through enamelled iron pipes into a chamber containing the special 
platinum catalyst. The nitric acid vapours here produced pass through 
aluminium tubes to an absorption plant, consisting of six towers packed with 
broken earthenwarej down which a stream of nitric acid trickles, being continually 
pumped again to the top of the tower as soon as it reaches the bottom. Here 
acid forms which produces directly a nitric acid containing 55 per cent. HNOj. 
By altering the condensing arrangements a nitric acid of 66 per cent., or even 92 
per cent., can be produced as a sole product, and of a purity sufficient for its 
direct utilisation for the manufaeture of explosives. About 85-90 per cent, of the 
ammonia is thus transformed into nitric acid. 

In the works above mentioned the nitric acid is neutralised by ammonia, and 
thus ammonium nitrate is produced in bulk. 

Other catalysts liesides platinuni will oxidise ammonia. Thus Frank and Caro (Cerman 
Patent, 224,329) showed that the expensive platinum can be replaced by a mixture of cetia and 
thoria, which at I50”-200° C. gives a yield of 90 per cent. HNO, or UNO... The mixture is not 

so efficient as platinum, but is for cheaper. , , ■■ 

Fr Bayer & Co. (German Patent, 168,272) showed that at 600 -750 burnt pyritra (iron oxide 
conUining some copper oxide) oxidises ammonia, NA. >*i»g sole product of the oxidation. 
By absorbing in alkali, this gave nitrite ; see also under Anunomum Nitrate, p. 435- 

The ammonia used may be produced from mixed gas acid and gas liquor, 
since, although some purification with lime is necessary, the organic impurities m 
it do not materially affect the course of the reaction. ■, r u- i. 

However, much cheaper sources of ammonia gas are calcium cyanamide (which 
Yields NH, and CaCO. when treated with superheated steam, Ca- N - ON + 3H.,U 
-CaCOa-FsNHj) and synthetic ammonia produced by the Badische Amlin- und 

Soda-Fabrik by direct union of N and H (see p. 469); , 

The Nitrates Products Co. Ltd. have secured the worlds rights of this 
process outside Westphalia and Rhineland. They intend to produce their ammonia 
from the action of steam on nitrolime (calcium cyanatnide). . . . , . 

The Badische Anilin- und Soda-Fabrik will probably produce mtnc acid, using 

** Pro'^iw'o”°NitJic Acid.— The strong nitric acid, possessing a specific 
VOL. I.— 29 
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inflame wood or straw if poured upon them in quantity, and, Consequently, is 
always technically transported in glass balloons, with a pacldng of sand or 
kieselguhr. It is usually only sent by special trains, much in the same way that 
explosives are sent 

Owing to the difliculty of transport, concentrate HNO, is usually made oft the 
place of consumption, it is far more economical to manufacture nitric add * 
directly in the neighbourhood where it is to be consumed than to manufacture it in/ 
distant countries, where the conditions are more favourable, and then send it long 
distances by sea or rail to the point of use— as is nearly always done in the case of 
other heavy chemicals, such as sodium sulphate or alkali. 

Concentrated nitric acid is used, mixed with concentrated sulphuric acid, for 
• nitrating purposes, especially for the manufacture of nitroglycerine and nitrocellulose, 
collodion and celluloid. 

For example, for the manufacture of nitroglycerine a mixture of 36.^ per Cent. 
HNOj (of 9r.6 |)er cent, strength) and 63.5 per cent. HjSO^ (of 97 per cent, 
stren^), together with 5 per cent HjO, is u«d. Such an acid must be free from 
chlorine, and must not contain more than 0.2.0.3 per cent of nitrous acid. 

For making such substances as nitrobenzene, picric add, and other organic 
nitrogenous b^ies, a weaker acid of 1.35-1.40 sp, gr. mixed with i-a .parts of 
sulphuric acid (66’ Be., 67° Tw.) is used. 

A nitric acid of 1.35-1.40 sp. gr. is also used for the Glover towers in the manu- 
facture of sulphuric acid. 

A more dilute nitric acid is used for making silver nitrate and other nitrates, 
for etching copper plates, and for dissolving metals. 

The ud fuming nitric acid, of specific gravity i.4-i.5, contains dissolved in it 
oxides of nitrogen, and is a more powerful oxidising medium than the colourless 
acid of the same spedfic gravity. 

This acid is made sometimes by adding a little starch to strong nitric acid, 
which causes its partial reduction, and sometimes by distilling sodium nitrate with 
a smaller amount of sulphuric acid, and at a higher temperature than is required 
for the production of the ordinary acid. 

The following table, after Lunge and Rey (Zeit. angeu). Chem., 1891, 167; 189a, 
10), gives the strengths of solutions of nitric add : — 


Specific Gravity. 


loog. contain 
g. HNO,. 

100 C.C. contiio 
g. HNOr^ 

f.ooo 

0 

o.io 

a 10 

1.025 

3-4 

4.60 

0-47 

1.050 

6.7 . 

8.99 

97 

1.075 

lao 

■3 '5 


1. 100 

'?•“ 

17.11 

18.8 

1. 125 

10.0 

21.00 

23,6 

1.150 

1S.8 

24.84 

2^6 

1,175 

21.4 

28.63 

33 ,« 

1.200 

24.0 

32,36 

38.8 

1.225 

2^4 

^03 

44-1 

1.250 

28.S 

39*2 

49* 

1 .I 7 S 

31.1 

4564 

SI • 

1.500 

33-3 

47-49 

1-3*5 

355 

51,53 

6«,3 

l,35U 

J,375 

37-4 

39-4 

55-79 

60.50 

Ml 

1.400 

41.2 

65.30 

91.4 

1.4*5 


70.98 

lOI.I 

1,450 


77.28 

112.1 

1.475 

?■* 

*4.45 

1*4.6 

1.500 . 

48.1 

94.09 

141.1 

1.510 

4*.; 

9910 

148.1 , 

1.520 

494 > 

9967 

151.5 
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StetUtics.— According to the '‘Report on First Census of Production,” 1907, p. 571, the 
United Kingdom in 1907 produced 60,000 tons of nitric acid, valued at ;^9i,ooo. The exports 
are shofwn by (he following figures 


• ' 90 S - j 

1909. 

j 1910. 

Tons. 

257 

Value. 

£sa(a 

Tons. 

269 

Value 

Tons. 

■85 

Value. 

^^ 4.972 


Gcmtany produces annually about 100,000 tons of HNO, calculated as too per cent. 
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SECTION XLVII 

THE AMMONIA AND AMMONIUM 
SALTS INDUSTRY 

By Gkoffrey Martii^, Ph.D., D.Sc. 

For Synthetic Ammonia see p. 469. 
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Ammonia and Ammonium Salts— Ammonia, NHj, is a decomposition 
product of organic matter, resulting either from its destructive distillation or Irom 
Its putrefaction and decay. 

Until quite recently, practically the total supply of ammonia was obtained as 
a by-product in the destructive distillation of coal for the purpose of malting 
illuminating gas, much also being produced by coke ovens, and the processes now 
worked for the gasification of coal, peat, oil-shale, etc. 

The .mount of nilrt^en in coal amounts to 1-2 per cent., anti only a i-elnbvely 
of this (from 12-20 p« cent, of the lotal nitrogen present) is eonverteil into ammonia dur ng 
t' ^ « of deZetive distillation or gasification!^ A. least half of “ e" 

msmmm 

f eaf tntal N. Wc hivc 


Kind of Coal. 

English. 

■■ 

N in coke 

NasNHs 

N as gaseous N., 

N as cyanide ■ 

N In tar 

Per Cent. 

48-65 

HI7 

ai -35 

0.2 l-S 

1-2 


Westphalian, I 



In eenera, loo Hiios oi average - however 

in genera , ammonium sulphate. W hen, however, 

/rS. ^ .0. BO, 0, ..a 
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The foUoiring may be conadered as the chief sources of ammonia and ammonium salts, M they 
at pfcsent exist : — • * 

(1) The CtddngofCoaL 

(«) For the Prodactioo of Metallergical Coke. —Already m Germany no lesa^n 
90 per cent, of total output of ammonium sulphajte is roanufimturedm recovery t 
in England some 60 per cent., and in the United States only 20 per cent, is thus 
obtained. About 55 percent, of the world’s total output ofammemiain 19111 and 
74 per cent, of that of the U.S. A., is derived from the carbonisation of coal hi by* 
product ovens. There is little doubt that the output will increase as the mount of 
cod carbonised increases. 

(^) For the Production Cotl'Gaa. — 30 per cent of the world’s output in 1910 was 

obtained from the retorting of coal for the manufacture of Ulaminatiog gas. 

(2) The DistUUtioa of Shale— Lai^ amounts are recovered in Scotland 1 ^ the distillation 
of bituminous shale, l^e fbllowii^ figures, tak«i from the ** 49th Annular Report on Alkdi, etc., 
Works,” p. 130, show this : — 


Year. 

Total Shale Mined 
and Quarried in . 
Scotland. 

Torn] Sulphate of 
Amn^ia Recovered 
(ip)m the Shale in 
Paraffin Oil Works. 

Yield in Lbs. per 
Ton of Shale. 


Tons. 

TcMtt. 


190J 

2,009,265 

37,353 

41.6 

1904 


42,486 

40.8 

1905 

2,493,081 

46,344 

41.6 

1906 

*, 545-714 

48,534 

41.7 

1907 

2,690,028 

51.338 

42.7 

1908 

2,8^.039 

53.628 

41-5 

1909 

2,967,017 

57.048 

43-1 

(910 

3.130,280 

S 9."3 

42.3 

1911 

3.116,803 

60.76s 

457 

1912 

3,184.826 

62,207 

457 


Considerable undeveloped deposits of biiaminous shde exist in NewIbuodJand, Australia, sod 
other parts of the world. 

(3) The Diatillatiao or other Treatment of Peat — Much nitrogen is combined in peat 
(which, therefore, has found some application as a fertiliser), and many processes are either worked 
Of are projected for directly transformii^ this nilrr^en into the form of ammonium sulphate, l^e 
destructive distillation of peat has been proposed by Zi^ler and others. 

More promising is the partial combustion of peat with production of producer-gas (Frank, 
Caro, Mond, described under ** Producer-Gas”) or tl^ slow wet-combustloo of peat (Wollereck). 
There are 20,000 million tons of undevelop^ peat in the U.S.A., while ^ually enormous 
quantities exist in Ireland, Canada, Newfoundland, Sweden, Norway, Russia, Germany (Prusria 
ak>iie contaiiui^ 5,000,000 acres). . 

The average nitrogen content of these peat dqwstts may he taken as 2.0^ per cent, (sometimes 
reaching 4 per cent in the case of dry peat), so that if only 50 per cent, of this was recovered, very 
huge amounts of ammonium sut|^te would become available. 

(4) Prodooer-Gaa.— The ammonia contained in the coals nsed in produciiv this gaa— the 
main type of plant used being the Mond Gas-Producer— is now very large and is likely to Sicrease. 
Tile process is described In thu Volume under ** IVodocer'Gas.” 

(5) Blait-Faniace Gaa.— The nitrogen in the coal used in blast iumaces escapes la part u 
ammonia, much, however, beii^ dcctmipo^ by the high temperatures in the fursKe, 

Some of the combined nitragen, however, comes from the nitrogen of the air W aettoos hdctiig 
place inside the furnace, prinapally the formation of cyanides, wni^ are thra ^Mompoied into 
amoKmia by aqueous vapour in the furnace. In the United l^gdom, far 1910, about 20^130 tons 
of ammomOL^phate were recovered, 20,130 tons being recovered in 1911, a^ 17,026 k 1911. 

(6) -n«daetiod iiroai Beetroot Sti|;ar Wttte, **Sch]empe” or " Thr thkk 

blown Stpad remamii^ atler the extracUoa of alt the poerible sugar from the synw ii known at 

“schlenye.” 

tt cooUihs much mtrogen and potasaum salts. Until recently it was the cMtoa merely Is 
c a lcine this material so as to obtain the potash lalu an the form of *' sehleoqie ol 

Deasan and Vennator now reoivcr nitrogen from this hf distilling the ichtempe from iron teiorti. 
laa^Dg the evolved vapours throt^ dampen filled uich brick cbeqac-woik maMned it 6 fid 
heat, wbmeby the combes vapours decompose iMo HCN, MH|, etc. 
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The ammonia and cyanogen are then recovered as in the purification of coal-gas. The process 
is described on p. 4S8, “Cyanide and Pru&siate Industry.” 

Hi) ^ Distillation of Bones, Leather, and other Nitrogenous Organic Matter.— The 
dimwtioD of bones, for the production of “bone black,” formerly yielded a considerable supply 
of a9||p(mia, but the Industry is now not so {»'ominent as formerly. 

Tfie ammemia may be extracted from the evolved gases by saubbing, as in coal-gas manufacture. 
The treatment of animal refuse for the manu^ure of prussiate is now obsolete. It is more 
profitably employed as manure. See p. 491, “Cyanide and Prussiate Industry.” 

(8) From Sewago and Urine. — A very rich source of ammonia is ordinary urine. 100,000 
hea^ of jpopulation could produce per year about 6,000 tons of NIfj. If all the ammonia 
oorresponoing to London urine were collected, more than 60,000 tons of ammonium sulphate 
could M annually produced therefrom. 

The method 01 collection of urine and its working up into ammoniacal compounds has been 
carried on at Paris and at Nancy. In 1909 France ol^jned 13,000 tons of ammonium sulphate 
therefrom, 10,000 being obtained in Paris alone. However, the collection and utilisation of 
animal excrement is so nau^ous and c<»tly and dangerous a process, that the bulk of the enormous 
ammonium supplies producible from this source are run to waste. 

The profess consists in allowing the urine to ferment into ammonium carbonate. The clear 
liquor is distilled and the ammonia recovered as in gas liquor. 

For further details see Ztit. Chem.^ 1891, 294; Butterfield and ^Vatson, 

English Patent, 19,502, 1905 ; Taylor and Walker, U.S. Patent, ; Young, Ehglish Patent, 

3,562, 1882 ; ^ncan, German Patents, 27,148, 28,436. 

f9) Synthetic Ammoaie. — Enormous supplies of ammonia are now becoming available by 
the synthesis uf ammonia, either directly from atmospheric N and H, or else from cyanamide or 
nitrides. These i^ocesses are discussed in detsul in a separate article, p. 469. 

The prodOction of ammonium sulphate is increasing rapidly in order to meet 
the increasing demand for nitrogenous manures. The following figures refer to 
Great Britain:— 


Amount of Ammonia Recovered in the United Kingdom 
(Expressed in Terms of Sulphate) — Tons 



1910. 

1911. 

1912. 

1913. 

1914. 

Gas works 

167,820 

168,783 

172,094 

182,000 

177,000 


20,139 

20,121 

17,026 

20,000 

19,000 

Shale works 

59 . 1 '3 

60,765 

62,207 

63,000 

62,0(X) 

Coke-oven work.s . . - • 

92,665 

105.343 

104.932 

167,000 

163,000 

Producer-gas and carbonising works 

27.S50 

29.964 

32.049 

(bone and coal) 

Total 

367.5*7 

3*4.976 

388,308 

432,000 

1 

421,000 


The following figures refer to the output of the chief countries 



1900. 

1909. 

19II. 

England 

Germany 

United States 

France - * - • 

Bebfitim, Holtuid • 
Austria, RusJ?ia, etc. 

(Metric) Tons. 

217.000 

104.000 

58.000 

37.000 

) 68,000 

(Metric) Tons. 

349.000 

323.000 
^,000 

54.000 

134.000 

(Metric) Tons. 

378.000 

400.000 

127.000 
60,000 




the world’s production of ammonium sulphate is estimated as 

1909, ' 9 "- 

950,000 tons. 1,150,000 tons. 


190a. 

484,000 tons. 


6fWt Britain exported ammonium sulphate 


1911. 

492,000 tons. 


1912. 
287,000 ions. 


1914. 

314,000 tons. 
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The chief product of the ammonia industry is, at present, solid ammonium 
sulphate, (NH4)2S04, which is principally used in agriculture as a manure. It 
is valued on the percentage of nitrogen it contains, containing when pureiras 
(NH4)2S04, about 21.2 per cent. N against 16,5 per cent. N in NaNOj, or 
Chile saltpetre, which is at present its great conyjetitor as a manure. 

The price of ammonium sulphate sunk from 50s. per ton in 1880 to 20s. to 30s. 
in 1909, and no doubt in consequence of the production of cheap synthetic 
ammonia, both from cyanamide and by direct synthesis, the price will probably 
still further decrease. 

Manufacture of Ammonium Sulphate from Gas - Water or 
Ammoniacal Liquor. — At present the bulk of the ammonium sulphate on 
the market is derived from the ‘‘gas-water” or “ammoniacal liquor” produced 
in the numerous coal-gas producing plants, coke ovens, etc. 

In the coke ovens, however, the gases now are passed directly through sulphuric fcid, and the 
ammoaiptn sulphate thereby directly fixed, thus avt^ing the initial production of an “ am mmicual 
liquor” such gs is indispensable to coal-gag production. 

Ordinary ammoniacal liquors contain some 1.5-3 per cent. NHj, united with 
various acids. The chief acid is carbonic, HjCOj, but besides this we get HjS, 
HCN, HCNSHjSjOj, HJSO4, HCI, and ferro- and ferri-cyanic acids. 

The ammonium salts ate, in practice, divided into (a) volatile, (i) fixed. The 
“volatile” ammonium salts on boiling with water dissociate, evolving ammonia. 
The chief volatile salts are Ammonium carbonate, (NH4)jCOj ; ammonium 
sulphide, (NH4)jS and NH,HS ; ammonium cyanide, NH4CN. 

The “ fixed ” ammonium salts (e.p., ammonium sulphate, (NH4)jS04 ; ammonium 
chloride, NH4CI, etc.) are not decomposed by water, but the ammonia has to be 
driven out of them by boiling with milk of lime. 

Pifierent ammauiucal liquors, however, have an extremely variable composition. An average 
sample would contain per too c.c. from I.4-3.3 g. volatile ammonia (principally in the form of 
ammonium carbonate), and 0.2-O.6 g. NH, in tire form of “ fixed ” salts. The composition of the 
ammoniacal liquor naturally largely depends upon the nature of the coal used, and some coals, 
rich in chlorides, yield ammoniacal liquors containing much N'HiCI. 

The following analyses give the composition of some average ammoniacal liquors, the numbers 
giving grams per loo c.c. ; — 


Gas Works. 

1 

VoUiile Nil, 


Fixed NH, 

0.6-<J.2 

Total NH, 

ZS-3S 

(NH4),S ■ • 

0.9-0.8 

(NH,),CO, 

5.0-8.8 

(NHjia - 

- 1 1.10.5 

(NH,),kSO, - 

• i a 2*0.0 

(NH.),< 5 P, - 

• j 0.17-0.0 ' 

NH 4 CNS - 

• ; 053-0.07 , 

NH 4 CN ■ 

- : o.o36.ao7 i 

(NH4)4Fe{CN),- 

♦ I 0.038 j 


I 


Coke 

Blast 

Shale 

Coalite 

Orernio 

Furnaces. 

Works. 

Works. 

0.84 

0 . 2 -O .4 

0.9 

I-S 

O.IO 

0.008-0.009 

0.03 

0.17 

0-94 

0.2-0,4 

0.9 

0.7 

0-47 


0 .Z 

<X23 

1.96 

i.i 

2.9 

*•4 

0.32 

aoo6 

0.015 

o.t 

ao3 

0.009 

aoi6 

0.05 

0.Q4 

0,002 

0.09 

0-4 

0.04 

0003 

... 

0-3 

007 

... 

0003 

... 

... 


Organic substances such as phenol, pyridin, acetonitrol, etc,, also occur in small amounts, 

l^e method of working the ammoniacal liquor for ammonium sulphate is first 
to boil it until all the " volatile ” ammonium salts have been distilW off. To the 
residual liquid containing the “non-volatile ” ammmiium salts the theoretical amount 
of milk of lime is added, and the boiling continued until all their ammonia is also 
expelled. 
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Jhe evolved vapours are usually led directly into H»SO, of aa'-ae” Be (Si*- 

“’’'1 ammonium sulpLte, 

^(NHJjSOj, whtch can be Sold without further refining for manurial purpoLs. 

•n Zl'n ^ ^"iur!!!+^ ,‘5.“'””” apparatus similar to those described 

m detail in Martins Industrial Chemistry; Organic,” for distilling alcohol; the 
apparatus, however, is modified so that the ammoniacal liquor alone is distilled 
in the upper part of the apparatus so as to expel all volatile ammonia; while 
in the lower part of the apparatus the “fixed” ammonium salts in the residual 
liquid are boiled with milk of lime. 


There are a great many different plants on the market, some of which are 
extremely efficient Feldmann's Apparatus (D.R.P, 21,708, see English 
Patent, 3,643, 1S82) is shown in Fig. i. 

The ammoniacal “gas-water" flows into* a tube from the regulating tank a 



Fig. I.— Feldmann’s Ammonia Still. 


and enters the multitubular “ preheater ” b, consisting of a series of tubes through 
which the ammoniacal liquor flows, which are themselves heated by the steam 
and hot gas coming from the saturator r by the pipe m/a. From the “preheater” b 
the now hot ammoniacal fluid flows into the top chamber of the column c. This 
is provided with a number of compartments each provided with an overflow pipe /f, 
so that in each compartment the liquor accumulates to an appreciable depth. In 
the centre of the floor of each compartment is a wider pipe conered over with a 
“bell" or “mushroom” (<), provided with serrated edges (see this yolurae 
under "Ammonium Soda Industry”). Through this central pipe the ammoniacal 
gases and steam come up from below and stream through the liquor surrounding 
the “ mushroom,” and thus boil out all the volatile NH,. 

The liquid in c, from which all volatile afnmonia has been boiled out, now 
enters the lower part of the still d. Into this compartment a stream of milk of 
lime is continually pumped by means of the pump the lime being sucked out 
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of the tank / The mixM fluids flow 
through a filtering sieve (to retiun large 
particles) thibugh the tube h into the 
column H, through which is passed from 
below a current of steam from>a boiler. 
This steam maintains the whole liquid at 
a boiling temperature and completely ex- 
pels all the ammonia from the “fixed” 
ammonium salts, the ammonia being, in 
the first place, set free by the milk of lime. 

The waste ammonia-free liquors run 
away through i. 

The mud-like mass of lime escapes 
through an opening at the bottom 
of D. c 

In some planls a special separate mixing vessel 
is provided, standing outside the column. Into 
this the liquid eoming from the middle part of the 
column c is run,^ and is then intimately mixed 
with milk of lime, and then the mixed fluids are 
mn back into the lower column B, and subjected 
to the boiling by means of steam. A still of this 
type is manufactured by the Chemical Engineer- 
ing Co., Hendon, and is shown in Fig. 2. 

Many special modifications of this apparatus 
are used. We may here mention the apparatus of 
Grilneberg and Blum (D.R.P., 33,320); Wilton 
(English Patent, 24,832, 1901I; Scott (English 
Patents, 3,987, 1900; 11,082, 1901). 

The escaping steam, carrying with it 
the NH, gas, passes out at the top of the 
column c and through the tube xx into 
the lead-lined (or volvic stone) "■saturator ” 
R constructed as shown, with a leaden 
“bell” dipping under the surface of 
sulphuric acid (90' Tw., 45* Bd.) which 
enters in a continual stream. The NH, 
as it enters unites with the sulphuric 
acid to form solid ammonium sulphate 
(2NH3 + HjSO^ - (NH^)jS 04) which 
separates out in the liquid. 

It should b« noted also that mnch heat is 
evolved by the union of the sulphuric acid and the 
ammunia in the saturator, the beat of interaction 
being sufficient not only to maintain the satwator 
at the boiling point, and compensate for anavoid- 
able losses ^ radiation, etc., but also to more 
than evaporate the whole of the water contained 
in the acid, amonnting to ao-30 per cent., so that 
the apparatus can be washed out from time to 
time, as necessary, witbont watting the wt^inga, 
or evaporating tbra down extimuly. 

The saturator just described belongs 
to the “fiaiify open ” type, the hot waste 
gases being led off by the pipe » to tira 
heater and the sulphate accamalatii^ on 
the floor of the saturator, the workman ttr 
moving the Utter u it separates by means 
of ■ DOToreted ladle inserted throuah the 
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open part of the tank The crystals of sulphate are then placed on a lead-lined 
drainer, so that the, mother liquors flow back to the saturator 

, More often the^pmonium sulphate crystals are removed from the saturator by 
tn»ns of s^team discharger (working on the principle of the air-lift), which drives 
It in the ^m of a coarse mud, together with a considerable amount of mother 
Itquor, on to the drainer, and thence it is passed into the centrifugal machines the 
mother liquors invariably running back into the saturator. In this tvpe of nlant 
a clo^ saturator is used, as described below 

Fig. i shws a m^ern ammonium sulphate plant, erected by the Chemical 
Enpneenng Co., of Hendon, London, N.W., for the Grangetown Gas Works, 
Cardm, in ip**- This plant is capable of producing 3 tons of ammonium sulphate 
per twenty-four hours. ^ 

ammoniaal liquor enter, the mullitnbular heater N at the bottom through H, passes up the 

“ ■ . ? 1 .* u ■ ? *’’* “bite'or A, pass along the pipe oo, then 

enracle the tubes in the mtenor of the heater N, heating the aramoniacal liquor therein contained 
I • condensed in so doing. The condensed steam Tknown as 

account of the NHj, HCN, etc., contained therein) runs off into the 
sealed cioeed l, and is pumped back through mm, and mixed with the gas liniior, the whole 
thus po^Qg throi^h the Itquor still c, which renders it inodorous, the liquors being finally run to 
waste after pacing through the liquor still in the form of “spent liquor.” .-^ny moisture not 
condensed by the n^er N is finally condensed in the condenser p {two are employed) of similar 
construction to n. pie ffaS and COj from the saturator b, however, pass for the most part away 

L ^ being purified with oxide of iron, and the HjS lecovered is sulphur. 

pc ammoniacal liquor, heated to boiling in N, passes along the pipe qq, and enters the liquor 
still c at the lop, and slowly flows by a series of weirs, in a downward direction, through the fifteen 
chambers to the automatic exit, which is controlled by the spent liquor valve R. v is an arrange- 
ment for controlling the pressure in the still. Steam is admitted at the bottom of the still by the 
perforated pipe ss, and bubbles through the liquor in each chamber, travelling in a reverse direction 
to the liquor, and carrying with it the ammonia and the gases, and COo, which pass away from 
the lop of the still to the acid saturator B ; the H^S and COg thence escape along oo to the 
condensers, and reappear in the “devil liquors” at n, as previously explained, and in the waste 
exit gases from r. 

In order to complete the removal of fixed ammonium, sails from the liquor lime are automatically 
admitted to the middle chamber of the still at T, d being the auxiliary Umeing still (see p. 458), 
which acts as a reservoir, and retains the lime sludge. The lime is slaked in T with spent liquor from 
the stills, and forced into the still C at boiling temperature at the required rate, by means of automatic 
pumps. E is the automatic valve controlling the admission of lime to l>. The saturator B is of the 
round closed type, constructed of 40 lbs. chemical lead. In this saturator the ammonia coming from 
the still c. passes through the pipe VV nearly to the bottom of the saturator, and bubbles through 
the acid bath by means of the perforated pipe w\v. The saturator is continuously fed with sulphuric 
acid in proportion to the amount of entering ammonia. The chemical action, caused by the 
ammonia uniting with the acid to form ammonium sulphate, develops sufficient heat to cause 
v^rous boiling ; the uprising steam, together with H^S and CO2 from the ammoniacal liquors, and 
some ammonia escape at a high temperature through the tube 00 to the heater n and condensers 
p, as ^Mve explain^. 

The sul|^te of ammonia is deposited in a crystalline form into the well x at the bottom of the 
saturator B, from which it is pumped by means of the steam discharger yy to the receiving tray o, 
whence it gravitates at intervals to the centrifugal machine (described in Martin’s “Industrial 
Chemiatry: Organic ”), the tray holding a clu^e of about 4 cwt. The centrifugal machine 
separates the mother liquor, which flows bock to the saturator by fff. After two minutes’ 
spinning Ihe centrifugal machine H is stopped, and the dry sulphate of ammonia is dropped 
tnroi^ the centre valve on to the elevator conveyor zz, and deposited in the store. 

The apparatus used for the manufacture of ammonium sulphate by the Coppee 
Gas Co. is shown in Fig, 3. The diagram, Fig. 4, explains the mode of working 
of the apparatus. 

The crystals of sulphate thus obtained are sometimes washed with a very little 
water, dried, and put on the market for manurial purposes, containing 25.1-25.3 
percent NH,. (NH4),S04 requires NH3 = 25.8 per cent, less than 0.4 per cent, 
we H^04, and no cyanide, since the latter is very injurious to vegetation. 

ChnUoally pore ammoninra sulphate is soraetimes, although rately, obtained from this raw 
ammontam lulMate by crystallisation. t ..... n-,. j. 

Tinitmenf of the waste Etrit Gases from the Ammomum Sulphate Plant— The acid' 
geieii IBCb asHgS, HQN, and C(^ which pass with the ammonia into the sulphuric acid in the 
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saturator ate not absorbed therein, but escane with steam iete .u , 

condensers, add after heating the entering ammoniacal liquors in the'^tX’‘'“^t'i,‘‘' preheaters and 
pas on their way to the still, the cooled gLs, consisting of H,S HCN a^ CO 
I (directly into a furnace, where they ate burnt in order to deSrovtu. • 


for purif^ng coal-gas) (see Martin’! “Indu^l Chemislrv - Ornfni?"?^ 

recovered as sulphur, and nitrogen recovered as Prussia hlue^ the i ’ “ 1 “ 

supplyofair according totheCl^napro^^ 

However, in most works the gases are simolv burnt th.. r u • 

unutilised, up ie chimney. ^ ^ * products of combustion escaping, 


MANUFACTURE OF AMMOiVfUM SULPHATE FROM 
MONO GAS' 

Very similar is the production of ammonium sulphate from Mond Gas. 
f,ii • t '« into a distributor and hopper from an elevator, and then 

alls into the generators where, under the influence of a mixture of air and 
steam, it is gasified m the manner described in Section XLVIII. See alsn the 
section on “ Producei*Gas ” in this Volume, the equations being; 


C + Oa = COj. CO2 + C = 2CO. H2O + C = CO + Hg. 

There is thus produced a gas consisting mainly of CO, admixed with some 
hydrogen. The N in the coal escapes in 70-80 per cent, as N,H, with the issuing 
gas. The next stream through a series of “coolers,” in which they 

exchange their heat with the air which is streaming into the generators, the air 
being thus preheated, and the Mond gas cooled. Next, the gas passes through a 
washer, where it is largely freed from tar and dust. Finally, the gas passes up a 
It meets a stream of descending sulphuric acid, which combines with 
all the ammonia in the gas, forming ammonium sulphate. This acid solution is 
pumped by an acid pump up a tower, a continual circulation of the acid in 
the tower being kept up until the acid is practically saturated with ammonium 
sulphate, when it is run off and evaporated in a special apparatus, and the 
ammonium sulphate recovered. From the tower the gases pass through another 
tower, where they are treated with a stream of cold water, whereby the gas is cooled 
(and the water heated), and passes away directly to the gas engines or furnaces for 
use. The hot water obtained from the second tower is now pumped up the third 
tower, where it is allowed to flow down against an incoming current of cold air, 
which it thus saturates with water vapour, the air current then going on to the 
furnaces for the production of the CO by partial combustion of the coal. 


While in coal-gas work.s and coke ovens scarcely ever more than 20 per cent, of the N in the 
coal U obtained in the form of ammonia, in the Mond-gas process no less than 70-80 per cent, of the 
nitix^en present in the coal is ullimately converted into ammonia, and recovered as ammonium 
sulphate, e.g., each Ion of coal yields over 40 kg. of ammonium sulphate, against 10 kg, obtained 
in coke ovens. Over 4s. per ton profit can be made out of the ammonium sulphate thus recovered, 
which leads to a further reduction in the price of the gas for. power. 

According to Caro, even the waste ol)tained by washing certain coals — containing only 30-40 
per cent. C and 60-70 per cent, ash, and so useless for burning in the ordinary way — can be 
gasified by the Mond process, and a very considerable percentage of the nitrogen recovered as 
ammonium sulphate, l ton of this wa.ste material yielding 25-30 kg. of ammonium sulphate and 
50-100 H.P.-houn in the form of electrical energ)-. 

Also moiat peat can be gasified in the generators, and the contained nitrogen recovered as 
ammonium sulphite (Woltereck). 

For further details the reader should see this Volume under Producer-Gas ’ ; also Caro, ‘^Die 
Slickstoffrage in Deutschland” (1908); Chmiker Zeituag, I9[r, 505; h'rank, Caro, and Mond, 
Ziii. Mgtw. Ck*m., 1906, 1569; Norton, Omukr Rt^rt pp. 40, 170; Lange, “Coal Tar and 
Ammonm,” 1913, 861 { Woltereck, English Patents, 16,504, 1904; 28,963, 1906; 28,964, 1906. 


* See this Volume under “ Producer-Gas,” where the composition of the gas and the nature of 
the furnaces, fuels, etc., are discussed. 
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MANUFACTURE OF AMMONIUM SULPHATE BY THE 
DIRECT PROCESS FROM COKE-OVEN^ GAS, BLAST- 
FURNACE GAS, PRODUCER-GAS,, AND SIMILAR GASES 
RICH IN AMMONIA * 

This is a problem on which a great deal of elaborate work has been expended 
during the last fiflemi to twenty years, and even at the present time it does not 
seem to have been completely solved. 

Ammonium carbonate is very volatile, and consequently passing the gases directly 
through water only causes the formation of a dilute ammoniacal “gas liquor” (as in 
gas works), the direct distillation of\rt)ich would be expensive on account ^ fuel 
consumed. 

It is, therefore, much more economical to pass the gases directly into fairly 
concentrated sulphuric acid, whereby matters must be so arranged that solid 
ammoniSm sulphate separates directly, that the concentrated sulphuric acid is 
not greatly diluted by the steam, etc, in the gases driven through it, and finally, 
that the resulting tar is not spoiled by the treatment 

One of the most successful systems is that embodied by the Kopper Atnfliotlia. 
Recovery Plant The gases coming from the coke ovens, etc., are first cooled 


COOLERS 



to 40' C., whereby the heavy tar oils and the bulk of the steam (with ao-*j per 
cent of the total ammonia) is deposited in the liquid form. 

The gases are next pass^ through tubes whereby they are reheated to 6o*-8o* C— 
the hot furnace gases in countercurrent Jbeing us^ for this purpose — and the hot 
gases ate then directly passed into 60' Bd., 141’ Tw., simultaneously the 

NH, which has been expelled from the condensed liquors by heating them wkh 
lime is also passed into the H^O^. The NH, directly combines with the 
and ammonium sulphate separates m a solid form in the saturator and it withdrawn 
from time to time, centrifuged, and dried as previously described. 

Fig. j shows Kopper's Plant 


The hot fiirnace or coke-oven rases are passed through coolers A, e, c, gniil they are caolw! to 
rfxnit j) -iff C. , and then are led tbroogh a Pelorae lar separator (Ma^’t " lodnatiW Oieafaftv r 

' ~ ISO fhat slnUKt all l)u» Inr Itmt nrwd tl(« la»Ks mI.I .ai tat 


He’ ' t. a V a. a •wyraM.avi AHUUWfMM VnBWBKIT ? 

all the tir (but not Use l»ht oil*) are coodensed* tocethtf with Wmti 
the water, rtich contains 2S-7Sja cenL of the totaf aonnonia (accotditw to thrrtcmomtmk all 
UKfiiriMmoiunin salts ima etc.), etc., etc The lar arid the ainiriMiacal watartewSoa 
boUtt 4 the tar beu« ran qff at the hottoa jsio ajwther holder m, wh& the witar 

rue htlD a aecood bolder ar. 



; — tg-nwy vm iismi uaw (0 lOBC Of noutt of ffimpnnil'ah 

whm «ceiiofoel4kSSId«f " 
’ Of ^ gu, bdbre s«o the falpboric add, aid* tho 
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irom the sulphuric acid. The heat of the reaction going on in ^ is alone often sufficient to achieve 
th», especially if all the fined ammonium salts have been previously removed. The gases escaning 
from r contain benae^ and arc mssed on through heavy oils to extract this substance; as 
desenbed under Coke Ovens m this Volume. 

The snomoniMAl water in n is distilled in a column with lime in the usual manner for ammonia 
{sec p. 457), and the gaseous amftionia evolved is often directly sent back into the ras stream 
(between the coolers A and b) to be fixed by the sulphuric acid in g. Since the amount of 
deposited gas-water here only amounts to about 20 per cent of the washing water formerly needed 
to extract the ammonia in scrubbers, it is stated that the cost of the distillation of the ammonia 
and the quantity of the troublesome waste water is much less than by ihe ordinary process of the 
ammonia extraction. 


In the Otto-Hilgenstock Ammonia Recovery Process (Fig. 6) the old 
condensing plant is entirely dispensed with, tl^ tar being removed from the entering 
gases by a tar spray at a at a temperature above the dew point of the liquors. 

After depositing the Ur in B the gases pass directly through an exhauster e into the saturator F, 
where th^ whole of the ammonia is caught by the sulphuric acid. The gases coming from the 
saturator are hot, and contain all their moisture in the form of steam ; the gases are, therefore, 
passed forward to the oven flues, and the troublesome and offensive waste liquors are thus got rid 
of. c is the tar-spray pump, D the tar-spray feed pipe, o is the acid-spray catch box, h ihe mother 
liquor return pipe, J tw tar store, K the tar-spray overflow pipe, L the condensing tank, M the 
pump delivering tar to railway trucks, N the pump delivering condensers to the saturator f. 


ffeturn toOoens 



Fig. 6.— The Otlo-Hilgenslock Ammonia Recovery Plant. 


This process, by abolishing condensing plant, liquor tanks, ammonia stills, 
lime mixers, pumps, etc., effects a great saving, since less floor space is required, 
and nearly the whole of the steam required to distil the ammoniacal liquor made 
by the condensing process is abolished. Also no ammonia is lost, as often arises 
in a distilling plant. The ammonium sulphate produced contains 25-25.5 per 
cent. N and contains less than o.t per cent, of tar. 

The Copp<e Company’s Process of Semi Direct Sulphate Recovery 

is illustrated m Figs. 7 and 8. 


MANUFACTURE OF CAUSTIC AMMONIA (LIQUOR 
AMMONIA) 

A crude aqueous solution of ammonia, containing ammonium sulphide and 
sometimes carbonate, is manufactured under the name “ Concentrated Ammonia 
Water" by distilling ordinary gas-water without addition of lime m column 
apparatus. 

n ......a Ammonia Water is used as a convenient source of ammonia either for ammoma- 

Stt'” less CO. and H,S than the ordinary diluted ammoniacal bqnors ofgas- 

Uqiiw is much cheapoiSin the pure aqueous solution, and the presence of some COj and Hjg 
49N not afeet die manutusture of many chemicals. 







lircct Sulphate Recovery. 
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Two varieties of “concentrated ammonia water” are manufactured; — (i) One 
containing 15-18 per cent, of NH, with both sulphide and carbonate present ; (a) 
one containing i8-a6 per cent. NHj containing some sulphide but practically no 
carbonate. 

(1) The first liquid is made by passing the ammoniacal gases from the still (as 
described above) through a refiux condenser, whereby some moisture is removed, 
and then into a direct condenser, the gases from which are washed through water. 
The formation of ammonia carbonate and resulting blockage of the pipes prevents 
a higher concentration of NHj being obtained in this manner. 

(2) To manufacture the second liquid we proceed as before, but the vapours 
from the still are passed first through the reflux condenser qnd then through vessels 
containing milk of lime which removes the CQj and some H^S. The vapours are 
then condensed and contain 22-26 per cent. NHj, some HjS, but little or no COj. 

Manuffctore of Pure Aqueous Solutions of NHj.— The ammoniscal liquor is first heated 
to 7 o"-8o* C. in order to expel most of the CO2 and H2S. The liquid is next distilled in a columnar 
apparatus, as previously described, and the vapours are passed, first through a refiux acondenser 
(to remove some water), then through milk of lime wa-hers to remove COj and H^S (the partly 
used lime being run back into the still to decompose the fixed ammonium salts), the last traces of 
HjS being remov^ by either passing the gases through FeSO, solution, or through a little NaOH 
solution. J. Louis Foucar recommends ammonium persulphate or sodium permanganate. 

Lastly, the vapours pass through wood charcoal, which removes tarry matters, and then 
(^metimes) through a non-volatile fatty or mineral oil. The fairly pure NH3 gas is then led into 
distilled water until the required concentration (up to about 36 per cent. NHj is attainable) is 
obtained. 

The charcoal fillers are revivified from time to time by ignition in closed retorts. 

The following table gives the specific gravity of aqueous ammoniacal solutions of 
various strengths (after Lunge and Wieraek) 

Specific Geavity of Aqueous Solutions of Ammonia at 15" C. 


Specific 

Gravity. 

NH, 
per Cent. 

I Litre 
contains 
g. HN,. 

Specific 

Gravity. 

1 NH, 

! per Cent. 

! I Litre 
' contains 

1 e- nh,. 

1. 000 

0.00 

0.0 

’ 

0.936 

16.82 

* 57-4 

0.99S 

0-45 

45 

1 0.934 

17.42 

162.7 

1 0.996 

0.91 

9-1 

: 0.932 

18.03 

! I6S.I 

0.994 

i '37 

13-6 

; 0.930 

18.64 

‘ 73-4 

0.992 

1,84 

18.2 

0.928 

19.25 

178.6 

0.990 

a- 3 ‘ 

22.9 

0.926 

19.87 

184.2 

0.988 

2.8o 

a?.? 

0.924 

20.49 

189-3 

0.986 

330 

J »-5 

a 922 

21.12 

194-7 

0.984 

3.ik) 

37-4 

1 0.920 

21-75 

200.1 

0.982 

4-30 

42.2 

0.918 

22.39 

203.6 

0.978 

5-30 

51.8 

0.916 

2303 

210.9 

0.974 

6.30 

61.4 

0.914 

23.68 

216.3 

0.972 

6.W 

66.1 

0.912 

24-33 

221.9 

09^ 

7.82 

75-7 

0.910 

24.99 

227.4 

0.960 

8.33 

80.5 

0.908 

25-65 

232.9 

0.964 

8.^ 

85.2 

0.906 

26.31 

238.3 

0.962 

9-35 

89.9 

0.904 

26.98 

2439 

0.960 

9.91 

95-1 

0.902 

27.65 

249.4 

0.958 

10.47 

100.3 

0.900 

2833 

235-0 

0.956 

n.03 

105.4 

a898 

29.01 

260.5 

0-954 

11.60 

110,7 

a 80 

29.69 

266.0 

0.952 

12.17 

115-9 

0.894 

30-37 

271.5 

0.950 

1x74 

121.0 

0.892 

31-03 

277.0 

0.948 

13-31 

126.2 

0.8^ 

31-75 

282.6 

0.946 


131-3 

0.888 

32-50 

288.6. 

0.944 

14.46 

136.5 

0.886 

33-25 

294.6 

0.942 

15-04 

141.7 

0.S84 

34.10 

301.4 

0.940 

15.63 

146-9 

0.882 

34-95 

308.3 

0.938 

16.21 

152. 1 

... 

... 
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TECHNICAL AMMONIUM SALTS 


Ammonium SulphatOi (N H ASO4. — Manufacture and properties are described 
on p, 456 tt seq. See also under Manures, Voluma II. of this work. 

Heat of formation is given by; — 

NH, (gas) + IHjSO, = (solid) + 35.5 Cal. = I,5M.loo per eq. toil S./A. 

Ammonium Chloride (Sal Ammoniac), NH,C 1 .— Prepared by passing 
vapours of ammonium into HCI, or via versa. Sal ammoniac is the sublimed 
chloride. It is somewhat expensive to sublime owing to the difficulty of obtaining 
suitable vessels into which to subliAe the chloride. Cheap earthenware is often 
used, which, however, can only be used once, as it has to be broken to remove the 
sublimate of sal ammoniac. , 

The substance is used in galvanising, in soldering, in galvanic cells, in the 
manufacfiire of colours, in calico-printing, in pharmacy. 

Heat of formation is given by : — 

NH, (gas) + HCl(gas) = NHjCt (srdid) + 41.9 kal. = 2,619,300 B.T.U. per eq. ton S./A. 

Ammonium Carbonate. — Commercial ammonium carbonate is usually a 
mixture of ammonium bicarbonate, NH,HCOj, and ammonium carbonate, 
NH^O.CO.NHj. . 

The ammonia content of the mixture varies between 25-58 per cent., the usual 
percentage of ammonia being 3 1 per cent - 

It is most easily made by direct combination of ammonia, carbon dioxide, and 
water vapour, the substance being condensed on water-cooled surfaces of aluminium. 
The substance is volatile, and should at once be packed into air-tight vessels in 
order to avoid loss. 

It is used in the manufacture of baking powders, dyeing, in extracting colours 
from lichens, in caramel making, smelling salts, etc. Also as a general detergent, 
and for removing grease from fabrics. 

Ammonium Nitrate, NH,NOj. — See p. 435 for manufacture and properties. 
Its main use is for safety explosives, spotting powders, fireworks, etc. Much is 
used for the preparation of nitrous oxide, “laughing gas.” 

Heat of formation is given by : — ■* 

NH, (gas) + HNO, = NHiNO, (solid) + ay kal. = i,68y,9oo B.T.U. per eq. ton S./A. 

Ammonium Perchlorate, NH^CIOj, is prepared by the double decomposition 
of NaCIO, and NH^CL 

For patents bearing on its manabctnre see Alviai, D.R.P., 103,993; Uiobti, D.R.P., 112,682; 
see also Witt, Chem. Ztg., 1910, p. 634. 

The salt is obtaining extended use as an explosive and oxidising agent, soluble in 
5 parts cold water, insoluble in alcohol, sp. gr. 1.89. 


Ammonium Phospbat^ (NHAHNO,, is made by neutralising phosphoric 
acid with ammonia, evaporating, and crystallising. Used in the manulut^e of 
sugar (Lagrange process), and in the impregnation of matches. t . ^ 

Ammonium Persulphate, (NH^)4S20„ prepared by electroljwing an Jeid 
saturated sdution of ammonium sulphate at 7* C., using 5 volts in a speeyiy; 
designed apporatui Much used as an oxidising agent in dyeing and photo^ld^ 
see Ac 1 ).ILP., 155,805, and 175,977; Marshall, TMhs, Chm Sse.^' 
1891, ^777. . 
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AnUnonium Acetate, NH4OOC.CH5, prepared by neutralising acetic acid 
with ammonia, and used for making acetamide. 

Ammonium Fluorid^ NH^F, made by neutralising HF with NH,, is used 
for etching glass, decomposing pinerals containing rare earths, for the manufacture 
of incandescent mantles, for preparing antimony fluoride and other technically 
important metallic fluorides, and also, to some extent, in dyeing. 

Ammoidum Sulphocyanide, NH^CNS, occurs in gas liquor, and is often 
prepared by adding flowers of sulphur to an ammoniacal coal-gas washer, ammonium 
polysulphide being formed and cyanogen absorbed. It can also be made from 
CSj and NHj CS2-^ 2NHj = NH4CNS-bH2S. Used in photography, calico- 
printing, and dyeing. -r 

Ammonium Chlorate, NH4CIO3, used in fireworks and explosives. 

» 

Ammonium Bromide, NH^Br, used in pharmacy and photography. 

Ammonium Oleate is used in ammonia soaps. 

Dry Ammonia, CaCljSNHj, containing 60 per cent, of NHj, is made by 
direct combination, and has in Germany a market as a portable and compact 
form of ammonia. 

“Solid Ammonia" is manufactured by the Chemische Fabrik Betterhausen, 
Marquart & Schultz, by adding to a mixture of 3-5 parts of sodium stearate 
(dissolved in to parts of aqueous ammonia or 80 per cent, spirits of wine) 
about 85 or 90 parts of ammonia solutions containing 25-33 per cent, of ammonia. 
The mixture has a consistency nearly equal to that of solid paraffin. When heated 
or left exposed to air it gives up the whole of its ammonia, leaving behind the 
solid sodium stearate. 

I.arge quantities of ammoniatcd superphosphates are made in the United States 
of America, containing up to 6 per cent. NH„ and made by treating the super- 
phosphate with ammonia or merely by mixing in ammonium sulphate into the 
superphosphate. Products are used for manurial purposes. 

Anhydrous Ammonia (Liquid Ammonia) is simply the purified NH, gas 
liquefied under pressure and filled into steel cylinders. 

It is the most suitable and efficient working substance for refrigerating machines, 
and is used in some wool-washing institutions for cleaning purposes, the substance 
being an excellent solvent. 

The liquid boils at 34'’ C. At 15*’ C. the liquid has a vapour tension of 6 atmospheres. As 
a liquid it has a very huge coefficient of expansion, and a specified a eight at 15“ C. of 0.614, “t 
6o* C. of 0.540. 

In order to manuActure the substance, excess of lime is added to crude gas-water so as to fix 
all the COgund HgS, as well as to set free all the ammonia from the ** fixed” ammonium salts. 
The liquid is then distilled in a special column appaiatus, somewhat similar to that described on 
p. 456 for ammonium sulphate, but somewhat more complicated, the large masses of mud-like 
time requirirw special vessels for mixitw, depositing the precipitate mud, and for boiling out the 
ammonuL *^6 NH, gas emerging fiom the columns is cooled and then made to traverse a 
number of vessels containing milk of lime, whereby the last traces of CO,, etc., are removed. 
The vUpoar then passes through a layer of paraffin oil, which retains tar and pyridine, etc. Then 
the gas passes through charcoal filters to remove the last traces of tarry matters, etc. The dry 
and pure vi^ur next passes to the pumps, where it b liquefied under 8 atmospheres’ pressure. 

operation b usually carried out in two stages, the gas heated in the first compression pump 
b^ng coded by water cooling before being passra into the next pump where the final liqnefication 
phm. 

iij'ThaJ^nid a stored in steel cylinders, usually made to bold either 20 kg. or 50 kg. of liquid 
iWlOnil. Ihe qflioden should be tested every four years at 30 atmospheres’ pressure. For each 
I liqi^kaBODia there b allowed a volume of 1.86 1 . The liquid ammonia, on evaporation, 
sl^M^ keive behind more than 0,1 per cent, remdue, consisting of water, machine oil, 
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SECTION XLVIII 

SYNTHETIC AMMONIA 

By Gkokfrey MARTis^Ph.D., D.Sc. 

LITERATURE 

F. Haber and Lk Kossicnoi.. — “Technical Preparation of Ammonia from its Blements,” 
Zeit. fur Elektrochemie^ * 9 * 53 > 72 * (There is a good abstract of this paper in 
the Joum. Soc, Chem. Ind.y 1913.) Ber., 1907, 40, 2144; Ztit. Elek.^ 1908, 14, 
181, 513. 

Haber and van Oorut.— Z«V. Amrg. Chtm., 1905, 43, 11 1 ; 1905, 44, 341. 
Bernthsen.“-‘‘ Eighth International Congress of Appli^ Chemistry.’’ New York, 1912. 

Abstract, /4Kr«. S&<. Chm. /wi., 1912, 31, 982. 

Donath and Indra. — “Die Oxydation des Ammoniaks 7.11 SiOj'>elersaure und Salpetriger 
Saure,”pp. 54*67. Stuttgart, 1913. , 

Lunge.— “C oal Tar and Ammonia.” Fourth Edition, pt. 2, p. S15. 

Knox.— “The Fixation of Atmospheric Nitrc^en.” 1914. 

Norton.— “ Utilisation of Atmospheric Nitrc^en.” 1912. 

Caro.— “D ie Stickstroffrage in Deutschland.” 1908. Zcitsck. augew. Ckem.^ 1910,23, 
2412. 

Serpek.— E nglish Patent, 13,086, 1910. 

J. W. Richards.— Amer. EUttroikem. S < h \, 1913, 23, 351. 

FraenkeL.— Elektrochcm.y 1913, 19, 362. 

S. A. Tucker.— Soc. Ckem. Ittd., 1913,32, 1143; Joum. Ind. and Eng. Chcm.^ 

1913. 5. 19 *- . , 

Also refemues and patcnU given m the text. 

Several methods of making atmospheric nitrogen unite to form ammonia have 
been proposed, and have been commercially successful. In the course of a few 
years large amounts of synthetic ammonia will be on the market produced by 
one or other of these methods. 

(I) AMMONIA BY DIRECT UNION OF NITROGEN AND 
HYDROGEN BY MEANS OF A CATALYST 

LITERATURE 

Y. Haber and R. Le Rossir.xou— “Technical Preparalion of Ammonia from its 
ElemenU,” Zeitsckrijt fiir EkklrochemU, 1913, 19, 53-72. 

Under certain conditions nitrogen directly unites with hydrogen to form 
ammonia according to the equation:— 

Nj + jHs 2NH3. ' 

X vol. 3 vols. 7 vols. 

Heat evolved according to the equation : — 

N + 3lt = NHjIgas) + 11,900 calories = 727,000 B.T.U. pereq. ton S./A. 

This equation is reversible, depending upon ihe equilibrium represented by the expression 



where Pnh,. Pn,. Ph, represent the partial pressures of the respective gases, NH,, N» 
and K is the reaction constant. 
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It will be noticed that 4 toIs. of the mixture of nitrc^en and hydrogen produce t vola.^ of 
ammonia, and consequently, as in the case of all gaseous reactions where the products of interac^D 
occupy a smaller volume than the original components, and increase hf prepare favours die 
formation of the products possessing the least volume. Haber and his CQ-worker$ found th{^ ^ 
employing a very high pressure, about 200 atmospheres, and a temperature of between 500*0700* C, 
and by passii^ the mixture of g^es over a catalyst, such as psreimn or uranium, the cmnl^don 
of nitrogen with hydrogen proceed so fevourably that from 3*12 per cent, of ammonia was foti^ 
in the reacting gases. 

It will be seen from the above equation that large amounts of energy arc not 
required for the production of ammonia from its elements, and that, therefore, 
the manufacture of synthetic ammonia need not be confined to districts where 
large amounts of cheap water power are available, as is the case with the electrical 
production of nitric acid, cyanamide, etc. 

The Badische Anilin- und Soda-'fabrik have now erected works at Oppan, near 
Ludwigshafen, for the large scale preparation of synthetic ammonia by this process. 



Although the details of the plant employed on the large scale have not been 
published, the details of the experimental plant employed by Haber and Le 
Rossignol have been described in the above publication. 

A diagraniinatic sketch of Haber and he Roasignors experimental apparattu is given in Fig. i. 

Thio^ the tube F a mixture of t vot. nitrogen and 3 vols. of hydrogen under a ptessnre of 
200 atmospheres enters the strong steel vessel MM. After passing over the outer aurfice of a number 
of capillary ra^Uic tubes w— which serve as a heat inferchanger and regenetatoc as we will 
presently explain — the gas passes down the tube as shown, over the surfiice of an electrictd faeadng 
onl AS, whae the temperature of the gas is increased to fioo*-l,ooo° C, then back up an interinc 
iron lube ss, over the »yef of catalytic substance t, thence through a number of ca|dllaiy tubes W, 
out dutu^ the tube xx, thence through the eomiwessing pump p, wrskh^ at too abnospbercr 
ptcam^ Stence out through the tube (, through the set 01 ^llary tubes X, and so teto die ve^ 
n, wUch is Mftonnded a freezing mixture of solid COk and ether at a tempeiMute of -60' fir - 70 ^ 
mdi ctioesdbe snunonia in the gH to separate In the liqnid state, whence it can be mwa oS 
bjrtbecoek;. FtoniHtbe gsses pass uwsy^lbe tube r,ov» the exterior surfiii^ of thequem 
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of capilUry tabes x, tbeEice after passing over a soda-Ume drier k, the gas enters m as previously 
descnbed. 

The mode of action of the apparatus is as follows >^The cold gas entering mm by the pipe f 
is heated by passing over the bundle of capillary tubes Vf conveying the hot gas away from the 
contact substance b. Thus the enttfing gas is, by the time it has left w, preheated to a 
temperature of 400°>500* C., and i^ so doing haa abstracted practically all the excess heat from the 
Hot gas passing away from b, so tlmt this latter, by the time it reaches the pipe xx, is practically 
at atmospheric temperature, while at the same time the entering gas, by the time it reaches the 
heating coil A, is already at a h^h temperature^ so that practically no loss of heat occurs. For this 
reason w is called the “heat regenerator.” The hot gas thus entering the tube ss is further heated 
in its passage by the electrical heating coils surrounding the end of the tube ss to a temperature of 
8oo‘’-i,ooo'*C. The hot gas then passes into the contact substance b, which is maintained by the hot 
gas at a temperature of 500^**700^ C. Here the fonnati<m of ammonia takes place, 3-7 per cent, 
of the entering nitrc^n and hydrogen escaping as NHj, along w’ith excess of uncombined nitrc^en 
and hydrogen. The hot mixture of gases from b th^ streams through the series of hne capillary 
tubes w, and in so doing gives up practically all its heat to the cold entering stream of gas coming 
into the apparatus at f. The ga^us mixture, now cooled to ordinary temperatures, passes away 
through the pipe xx into the pump p, working at 200 atmospheres, and then passes through the 
series of metallic capilla^ tubes x. While passing throng these it meets with a cold stream of 
gas at ~' 6 (f C. coming from the vessel h. Consequently the, gas in the capillary tub|s XX parts 
with its heat to the cold gas coming from H, being itself chilli in so doing, and passes out of x 
throtmh the pipe dd into H at *a temperature only slightly above that of the cold gas escaping from 
H. The cold gas passing from h up P is heat^ almost up to atmospheric temperature by the 
capillary tubes x, and thus passes away through die drier K‘and enters MM at F at a temperature 
onV very slightly below atmospheric. For this reason the fribes x are called the “ cold regenerator.” 

The gas entering H contains 3*7 per cent, of NH^, and this condenses in a liquid form at 
low temperature (-60* C. to -70* C.) prevailing therein, owing to die surrounding free-ring 
mixture of solid COg and ether. This ammonia can be drawn off in a liquid form by the tap j, or, 
if required in a gaseous form, can be so obtained by openii^ the outlet valvl to a suitable extent. 

As the ammonia is withdrawn a fresh supply of nitrogen and bydre^en is added through the 
valve 0, so that the operation is a continuous one. 


In practice, the very serious engineering operations of working continuously a 
plant with gas at 300 atmospheres, without leakage, has been got over by carefully 
turned screw joints, one part of an angle of 16* C screwing into another part of an 
angle of 20*, so that perfectly gas-tight connections were made in this way. For 
special details of construction the original memoirs should be consulted. 

Haber and his co-workers have made numerous experiments on the most suitable ^talysts to 
use as contact substances, describing the results of experiments with cerium and allied metals, 
manganese, tungsten, uranium, ruthenium, and osmium. The best catalyst proved to be finely 
divided osmium, but as this substance is limited in quantities and very expensive, it was found 
that uranium (pieces the size of a pin’s head) also acted effrciently. 

Thus, in one series of experiments, commerdal uranium, broken up with a hammer, was 
used in a column 4-5 mm, diameter and 3" 3* 5 ^ vigorous formation of 

ammonia took jdace. At 190 atmospheres and with the ^ mixlnre passing through the 
apparatus at 20 1. per second (measured at atmospheric pressure and temperature) it issued with 
an ammonia content of 5.8 per cent, by volume. 


The nitrogen can be obtained from the atmosphere, either by liquefying it 
and fractionally distilling it with a Linde or Claude machine, as described in 
this Volume under “ Liquefaction of Gases,” or simply by passing air over heated 
copper. The hydrogen can be obtained industrially by any of the methods 
discussed in this Volume under “Industrial Hydrogen" (see p. 109). 


In 1013 ammonia in the form of commercial 25 per cent. (NH«) ammonium s ^ 
a value of 4.754. per lb. (89 Pf. per kilo), whUe the nitrogen and hydrogen contained therein may 
be valued at i.oyd. per lb. (aj Pf. and i7i Pf. for the H and N respwtively, in i kilo of ammoma). 

It has bwn stated that the total costs of manufacturing ammonium sulfate from this synthetic 
•qrtnwmfa only amounts to £2. 6s. 6d. per ton, and so the process appears to be the one which 1^ 
a greater diance of success as regards low exist than any other method yet proposed, espeaally as 
Um {dast can be erected anywhere. 

Otihtf ProoMsa for Makuig Syothetic Anunonis from Atmospheric Nitrogen and 
HydiX^-De Umbilly (German Patents, 74 »a 74 snd 78 , 573 ) pass« a mixtme of steam, 
H««d W over Pt (or other catalyst) at 8o"*i30* C, when ammonium formate is formed (N*+3H2 
4 \C 0 + alW * HXOONH4). With C 0 » at 40’-6o’ C. ammonium bicarbonate is formed 
kaOO+aHiOsaNH^HCO,). ^ 

0 (English Patent, 8,300, 190a) passes Dowson gas {39 per cent CO, 4 per cent CO*, 
0^’ Z4 per cent Hj) and steam over Pt in the presence of a silent .cledncal 
Below 8c<* is pro&d, above 8o* C. ammonium formate. ^ 
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The reader may also see the patents Young, Er^lish Patent, 1,700, 1880; Hwper, U.S. 
Patent, 791,194; Cassel, German Patent, 175,480; Gorianoff, French Patent, 3 ^“> 5 ° 5 ! s®® 
also levies, physical. Ckem,, 64, 657; Briner and Mettler, C. R,, 144, 694; Donath and 
Indra [loc. «/., pp. 54-67) and Lunge, ”Coal Tar and Ammonia,” Fourth Edition, pt. 2, p. 815, 
give details of other processes. 

(a) Ammonia from Cyanamide— Cyanamidek made by causing atmospheric 
nitrogen to directly unite with calcium carbide, as described on p. 475* Ammonia 
is next made from the cyanamide by passing superheated steam over it, when the 
following change takes place : — 

CaNCN + 3H*0 CaCO, + 2NH3. 

The operation may be carried out as indicated in Fig. 2. 

Superheated steam is led in through the pipe a into the chamber 6 filled with 
the cyanamide on trays as indicated. 

Ammonia is here generated, which may be directly drawn off or else led into 
acid and fixed. ® 

The crude calcium cyanamide contains, it will be remembered, much carbon in the form of 
graphite, tne substance as put on the market having the approximate composition CaNCN + C. 



After treating with steam, as above described, wc have the residue of CaCOg + C left. This 
may be either worked for graphite (by dissolving the CaCOg in acid which leaves the C as gnphite 
unaffected), or the residue may be relumed to the lime fumaCes, and be there calcined for the 
production of CaO, the lime thus produced containing one-third the proper amount of free carbon 
necessary for the production of calcium carbide when returned to the calcium carbide factory 
(CaC 0 j-t-C=Ca 0 + C + C02 and CaO+3C=CaC*+CO). 

According to ]. Louis Foucar, since qranamide has to be made from calcium carbide and nitre^en, 
and the calcium carbide in its turn from lime and a plentiful supply of electrical energy, the 
ammonia made by this process could not, theoretically, be produced as cheaply as the direct 
synthetic ammonia prepared by direct anion of nitre^en and hydrogen. Foucar (private communi- 
cation) worked out the costs of manu&cture of ammonium sulpnate from cyanamide as follows 
Cost of carbide 
Cost of nitre^en 
Cost of steam 
Cost of sulphuric acid - 


Less value of graphite 

Total net cost for materials • 

C<»t for powder (cyanamide only) 

Labour (cyanamide, steaming, etc.), power, repairs, deprecia- 
tion, rent, taxes, amortisation, salaries of staff, and other 
diajges • • - -076 


Total cost of manafacture - - • 13 0 per ton. 


• 5 0 per ton. 

020 
006 
0 16 0 

U 3 6 

0 5 fi 


Li 18 0 per Ion. 
076 
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The selling price of ammonium sulphate in England in 191a was £14 per ton, and the total cost 
ot manufacture from gas hquor was per ton. 

(3) Arntflonia, from Nitrides. — A great many proposals have been made to 
use nitrides, either directly as fertilisers, or to produce ammonia therefrom by the 
action of superheated steam. • 

_ One process actually in use is the Serpek Process,' in which aluminium 
nitride, AIN, is used. 

Bauxite (a naturally occurring impure hydrated alumina) is heated with coal 
in an atmosphere of nitrogen at a temperature of i,7oo°-i,8oo° C. in a specially 
designed electric furnace, when N is absorbed, thus 

AI2O3 + 3C + Nj = 2AIN + 3CO. 

The absorption ^of^N begins at 1,100" C. ; at 1,500“ C. the absorption is rapid, the velocity 
increasing up to l,5oo“-l,85o“ C, where almost violent absorption takes place, nearly chemically 
pure All* beitig produced. Above 2,000” the nitride decomposes. 

The reaction is strongly endothermic, Fraenkel calculating the heat absorbed in the above 
reaclion to be —243,000 calories, and Richards, - 213,220 calories. ♦ 

According to Richards (/ac. cit.) two superimposed cylinders, a and b, Fig. 3, 
which rotate in opposite directions, ate used. Powdered bauxite is sent into a at c 



and is calcined in its descent by the hot gases from the reaction going on in the lower 
cylinder b, and also by the combustion of the CO gas coming from the producer 
K and evolved in the reaction, this combustion being carried on in the side furnace c, 
air being admitted by the flues a', jf, s, and the baffle plates v remove dust from 
the ascending gases. As the result of this the highly heated bauxite falls into a 
hopper D, and is there mixed with the requisite amount of carbon by means of the 
side hopper f.. The bauxite and carbon fall into the lower rotating cylinder b 
(made of iron lined with compressed aluminium nitride), and thence pass into the 
electric resistance furnace f (made of a series of bars of compressed carbon and 
AIN, crossing the furnace diametrically or embedded longitudinally in the linmg 
of the furnace), where the mixture is heated to i, 800°- 1,900' C., and there meets the 
nitrogen from the producer-gas plant h (evolving 70 per cent. N, -t- 30 per cent; CO 
at 400* C.) placed at the lower end of the apparatus. 

The nitrogen is absorbed, and the resulting aluminium nitride, in the form of a 
grey powder, passes on to an air-tight chamber k at the bottom of the apparatus. 


' For t description of the process see Serpeh's potent, English Patent, i3,o86,.pf 1910. Also 
J. W. Richards, Afar, a/u/ Cmem, Eng.f 1913, II, 137; also Tram. Amer. EUiirochtm. Sat,. 
' 9 r 3 > * 3 , 35; A A. Tncker, /wm. Sac. Cham. ImL, 1913, 32, 1143; Jaum. Ind. aai Eng. 
Cham., 1913, 5, 191 ; Fraenkel, Zeitsch, EUkirachtm., 1913, 19, 362, 
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The siliceous impurities in the charge are largely volatilised out ; consequently, 
using crude bauxite, the mass contains 26 per cent. N, but using pure ahimina, 
A1,0^ 34 per cent. N can be obtained, corresponding to pure AIN. 

The resulting aluminium nitride, AIN, is next decomposed by caustic soda to 
' form ammonia and sodium alufflinate: — • 

AIN + 3NaOH = NH, + Na,A 10 » 

From the sodium aluminatedhus produced, pure alumina can be obtained in the 
manner described in Volume II. of this work. 

According to the Badische^Anilin- u. Soda-Fabrik patents (German Patents^ 235»300, 235 , 7 ^ 5 ) 
235>7^i 33 ^) 395 ) the eliminaticm ammonia by alkalies is (acilitated by the ^ition 

of NaCt and other soluble salts. The decoaipodtion of the AIN can be effected by addsy thus : — 
2 AIN+HjS0^+6H20=2Al(0H)3+(NH4^6g. These patents work out methods for recovering 
the Ai(OH), in a pure state. 

The same firm in the German Patent, 243,839, states that the formation of nitride from alumina 
and coal is greatly accelerated by the addition of 5*to Mr cent, of the oxides of pertain element^ 
which then^lves yield stable nitrides, amon^^ which Siu^ and the oxides of Ti, Zr, V, Be, Mo, Ur, 
Ce, Cr, aUo silicates, vanadates, etc. Iron oxide does not influence the catalytic action of these oxides. 

Aluminium nitride, as prepared by Serpek, is of value both for its combined 
nitrogen and also for the production of pure alumina for the manufacture of metallic 
aluminium. Without the sale afforded by this alumina it is doubtful whether 
the process would be economical, as the alumina would have to be used over and 
over again. As it ^ands, however, the alumina produced as a by-product finds a 
ready sale, and the ammonia simultaneously produced is also a valuable product. 

The process is being worked by the Sodete G^n^rale des Nitrates in France. 


OTHER NITRIDES 


Various si^estions have been made to ose boron nitride, BN, but the high temperature 
required for its formation and the volatility of the resulting boric add when the nitride U 
decomposed by superheated steam for ammonia (2BN + 3HaO=2B(OH), + 2NH|) have formed 
insupenble difficniUes. 

CsldiuD nitride, Ca^N,, containing 18.9 per cent, of N, and litbiwD nitride, Li|N, containing 
38.S per cent. N, are easily prep^ from me elements and easily decompose, giving ammonia. 
MagDesiam nitride, MggN^, containing 27.7 per cent N, is likewise easily prepared by heating 
magneriom in nitrogen gas. When heated in hydrogen it is converted into ammonia and 
hydride (MfoNg + 6H8=2NHj + 3MgHg}. 

However, none of the processes si^ested to employ these reactions as technical sources of 
ammonia appear to be successful. 

The attempts to utilise titaninm nitride by beating it in a mixture of nitrogen and hydrogen haire 
also been unsuccessful. 

StUcoo nitride, SiaN4, containing 42.5 per cent N, has been sunested for direct use as a 
fertiliser, as giving results possibly superior to ammonia and oanamide. The Badisebe Anilin* 
und Soda-Fabrik (English latent, 16, 3W, of 1910) have patented processes for fixing atmospheric 
nitrogen by means of rilictm nitride. Th^ point out that in preparing silicon-nitrogen compounds 
frcun silicic add, carbon and nitrogen, thb relation fonamy hM to be conducted in the 
electric furnace owing to the temperature necessary. They find, however, that it is posrible 
to conduct the reaction at a low temperature if oxides, hydroxides, or salts of metallic emnents 
tat added to the mixture of riliclc add and carbmu Th^ ^so suggest the employment ^ ifiiceoiu 
materials sudi as the silicates of iron, aluminium, calcium, etc. Instead of pure jiiti<^» they 
employ gaseous mixtures containing N. 

They give as an ci^plc 75 kilos of finely divided silica mixed with 25 kilos of powdered wood 
charcoal, and heated in a stream of nitrogen for ten to twelve hours at f,3oo**i,400*C, allowing the 
product to cool in N gas. When the product is treated with stnrMed or superheated j&Ukt 
ammonia is produced. 

It is donUfiil, however, whethv any of these processes are likely to be a ex»mnmrdal sacoeiat in : 
view of the successful moduction of synthetic amuMmia directly from the elements. 

Howew, the reader may consult the following patents BasKt, English Patent, 4,338, 1897 1 
Broadwell, U. 5 . Patent, 816,928; »rchers and Beck, Goniaa Fktent, I96»383| 
Roft, Pa^l, Kaiser, Englbb Palent, 26,803, 190s 1 Wilson, Eo^ Fi&, 

**f 755 . l8s»|^Mehii<a-, Engh* Patents, 12,471, 1 * 95 ! *.* 54 . IWI A*^. W 
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CrOSSLEY.— T horpe’s “Diet, of Applied Chem.,” Vol. 111 . (1912), gives an excellent 
account. See also Tie Fiarmaceutical Journal and Pharmacist, I2lh March 1910. 

Calcium Cyanamide, Nitrolime, Kalkstickstoff, CaNjC.— Calcium carbide, 
CaCj, which has been manufactured for many years for the production of acetylene 
gas, unites with nitrogen when heated with it to about 1,000* C., forming calcium 
cyanamide, CaC, 4- 2N = CaNjC + C. 

It is supposed that a subiarbide is first formed 

CaC, = CaC + C ! CaC + Nj = CaCNj. 

This calcium cyanamide has been found to be a valuable manure, and, contain- 
...o as it does some 20 per cent, of available nitrogen against only 15 or 16 per 
cent, of sodium nitrate, it is now being made on an increasing scale for the 
manufacture of artificial fertilisers. 

Works for the manufacture of the crude mixture of calcium cyanamide and carbon, known as 
" Nitrolime" or “ Kalkstickstoff,” have been erected in Norway, Germany, Italy, Austria-Hungary, 
Swiuerlaod, United States, India, Japan, and other counlries. The largest of these vrorks rs at 
Odda, on the Haidanger Fiord, Norway. The Alby United Carbide Co. combined with the 
Nitrogen Products and Carbide Co. Ltd. to erect new factories at Odda. These factories were 

supplied with 23,000 H. P. (later increased to 80,000) from the river Tysw. 

Although the new industry was only begun on a commercial scale in 1907, me wmid s output 
for 1913 is estimated to be 223,600 tons, of which the works of the Niuogen Products Co. at Odda 
and Alby, Sweden, are riow producing together 88,000 tons per year. However, further develop- 
ments are going on in S^dinavia, whereby the energy derived from three other water powers in 
Norway (Aura, Toke, and Blekestad-Bralland), capable of producing 600,000 H.P., of which 
100,000 H.P. are now being harnessed for the annual production of 200,000 tons of ralaum 
cyanamide. The Detli-Foss water power in Iceland-capable of generating over 40o,oi» H.P.— 
will also be utiliaed for the production of the same product. The Nitrogen Products and Urbide 
Co. claim to have at its disposal sufficient water power for an output of 2,000,000 tons ot crude 
caldum cyanamide, which, containing as it does 20 per cent, of ranbined nitrogen, reprraents an 
output of fixed nitrt^en equal to the whole present consumpUon of Chde Mltpelre. Th«e immenK 
indi^rial undeitmiings i« undoubtedly destined to change the face of the world, and entirely alter 
agricultural co^itions of the future. 

pTKess of Manufacture.— The calcium carbide, CaCj, used for making^ the 
Bitrolime is made by heating together in an electric furnace at about 3,000 C. 
a ntottre of lime and anthracite coal in the manner described in Volume U. 
of this work. The molten carbide is tapped off from the furnaces at of 

forty-five minutes, conveyed on trays to a cooling bed, then it is crushed to a 
powdor in spet^ grinding plant. 

CkIchBR carbide is very hard, md the crushing is performed in severul stsges. In flat no 
tWt»m^ennduoBgh the Uberetkm and detoMUon of ecetylMe g«s. ™ S* 

Sw^eSrue^fermed in tn atmosphere of nitrogen. The carbide ts reduced to the 
of float* l o s embl ipg cement in eppcinoce. 




Fig. I. — Cyanaoiide Furnace House at Odda (Nitrogen Products Co.). 
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The finely divided cnrbide is then conveyed to the cyanamide furnaces for 
•treatment with nitrogen gas. 

Here the process deviates into two distinct lines of treatment, according to the 
type of furnace employed. We will first describe the practice at Odda, and then 
the practice at Westerregeln* and Piano d’Otta, as typical of the two lines of 
treatment 

At Odda the crushed carbide is placed in cylindrical vertical retorts lined with 
fireproof material and covered with sheet iron, and holding 300-500 kilos, as seen 
in our illustrations, Figs, i and 2 . 

Each furnace has regulating valves and control meters. The nitrogen gas is 
passed into each furnace under slight pressure, and the retort is heated to about 
800° by sending an electric current through carbon rods placed inside, which 
act as a heating resistance. 

Absorption of nitrogen then takes place according to the reversible action 

CaCj + N, CaNjC + C 

Calcium Nitrogen. Calciam Graphite. 

Carbide. Cyanamide. 

The action once started proceeds with the evolution of heat, and so the temperature tends to 
spontaneously^ increa.se- However, the temperature of reaction must not be allowed to increase 

beyond 1,400“ C., otherwise the Wk action, CaN^C+C ^^CaC-^+Ng, proceeds to an increasing 

extent, and the cyanamide formed is thus largely destroyed ^ain. It is essential that the temperature 
of reaction be kept as low' as possible. 

After the absorption of nitrogen has b^un the heating current is switched off, 
as the heat developed by the action is sufficient to cause the maintenance of the 
proper degree of temperature. The absorption of nitrogen proceeds for thirty to 
forty hours, and is known to be complete by reading the controlling meter. ■ 

In this process there is no superheating, and therefore no reversal of the action. 
The action proceeds from the inside outwards, and thus the material shrinks 
inwards and away from the furnace walls. Hence the cyanamide formed is easily 
removed in a solid coke-like block from the furnace (after cooling in a current of 
air for nine hours), and is then ground to a fine powder in an air-tight grinding mill, 
stored in a large silo until required, and is then packed in bags with a double lining, 
and sent into commerce under the name “ NitroUm.” 

The substance contains 20-22 per cent. N = 57-63 per cent, calcium cyanamide, CaN-iC, 20 per 
cent, lime, 14 per cent. C as graphite, 7-8 per cent, of silica, iron oxide, and alumina. The 
sulrstance should be free from unchanged calcium carbide and free lime, CaO. 

At Westerregeln, Piano d’Orta, and other Continental works the process of 
manufacture is quite different. 

Here the powdered carbide is placed in horizontal retorts similar to the retorts 
used in making coal-gas; these are heated externally to 8oo°-i,ooo“ C. by being 
placed in a gas-fired furnace, while a stream of nitrogen is forced into the retorts for 
absorption by the carbide. 

Fig. 3 shows a rough disgram of the system enaployed in Piano d’Oita in Italy. Air is 
driven through retorts a, a, partially filled with copper, aiid heated in a furnace. 'The oxygen of 
the air is ah»>rbed by the copper, forming copper oxide (Cu-t- 0 =CuO), while the nitrogen passes 
on into the calcium carbide retort bb, neatw in a furnace as shown. Here the absorption of 
nitrogen and resulting formation of calcium cyanamide lakes place as described.- The copper is 
regenerated by passing producer-gas through the CuO. 

Serious difficulties, however, have here been encountered. The absorption of nitrogen com- 
mences slowly, hut then the temperature suddenly goes up as heat is developed by the action, 
and, unless great care in working is employed, it may exce« 1,400“ C., when a considerable loss 
,of nitrogen in the formed cyanamide occurs owing to the back-action previously discussed. 

Moreover, overheating of the walls ensues, and the cyanamide, on cooling, sets to a rock-like 
mass on the walls of the retorts, and has to be forcibly knocked out. Hence the retorts ate 
subj^ed to a severe wear and tear. ^ _ _ . _ 

These difficulties have to some extent been obviated by adding calcium chloride, CaCla 
(Polxenius), or, calcium fluoride, CaFj (Carlson), to the crushed carbide, so as to Jower the 
temperature of reaction. With CaClg the temperature of reaction is lowered to yoo^-Soo", and 
with CaFt ihe reaction temperature is about 900' C. 
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Fio. a.— Cyanimide Furna«s at Odda, showing Carbon Resistances (Nitrogen Products Co. 
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This favourable mllueiiM is suppo^ to be due to the fact that CaCU or CaF. miies with 
the cranamide formed on the surCme of the carbide, and causes it to iiise at a lower temperature 
than It- would m a pure st^. In the absence of these salts the cyanamide forms an imrervious 
layer over the sur^ Of the carbide, and thus prevents the entrance of the nitrogen mto the 
antmot_ of the carbide unless the temperature is about i,ooo“ C In the presence of CaCb or 
^ cyaimmide is much lowered ; it melts or softens at 
W C., and tons no longer seryw as a protecting layer for hindering the absorption of 
the mtre^n by the interior layers of carbide. * 

It WM supposed that this process would cause an outlet for the now practically waste CaCL 
produced as a by-product iti many chemical operations. ^ 

The Gewlls^ft fur StickstoBdUnger, at Westerr^eln, add anything up to to per cent. CaCL 
to the powdered carbide, the absorption temperature of the N being only 700" C. The product 
tmntommg 20 pet cent. N, 45 per cent. Ca, 19.5 per cenL C, 6.5 per cent. Cl, and 9 «r cent! 
impunties, is put on the market under the name “ Stickstollkalk.” > v 


The disadvantage of the presence of CaCf^ is that the product is hygroscopic, 
and so cannot be stored easily. It is, therefore, sold principally in spring, but it is 
stated thut the process has been abandoned (19T0). 



> The Nitrogen required for the manufacture of nitrolime is obtained at Odda 
by liquefying the atmosphere, and separating the oxygen and nitrogen by fractional 
distillation. * 

The Linde phut used at Odda for the purpose fa the hugest in the world, liquefying 100 tons 
of air daily, from which about 77 tons of nitrwm are obtained. 

The new works at Odda, however, are fitted up with a Claude plant, which fa stated to be 
simpler to work dutn the Linde. 

,In some Continental works the nitrogen is produced by passing air over hot 
copper, which retains the oxygen as copper oxide, and allows the rutn^en to pass 
on, as explained above. The copper is regenerated by passing water gas over the 
treated c^per. 

The lutiagen produced must be fiee from moisture and oxy^. The Linde plant already in 
am aiTes 100,000 cub. ft. of nitrogen per hour, containing less than aq per cent oxygen. In the 
OtHe now installed in the new works at Odda, the nitro^ supplied contains less than 

oil 1^ ML O', ilhe presence of moistare would decompose the calcinm carbide thus • 

CaC, + aH ,0 = CafOH), + C,H^ 
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Oxygen would decompose the calcium cyanamide, forming CaCOj, thus reducing the percentage 
of nitrc^en ih the finished product. COg or CO, if present in the air, would act thus on the 
carbide : — 

2CaCa + CO2 = 2CaO + 5C. CaCg + CO = CaO + 3C. 

Uses of Calcium Cyanamide.— This body is mainly used as a nitrogenous 
manure. When placed in (he soil under suitable conditions its nitrogen is 
set free in the form of ammonia by means of bacteria. The end results can be 
expressed by the equation 

CaNCN + 3H2O = aNHj + CaCOj, 

and so it may be used directly as a substitute for ammonium sulphate or Chile 
saltpetre. ^ 

The decomposition of the cyanamide in the soil undoubtedly takes place in stages. Atmospheric 
CO2 and moisture first liberate cyanamide, thus ; — 

CaNCN + H2O + COj = CaCOs + H^NCN. 

The cyanamide is then converted into urea : — 

HjNCN + lIjO = COfNHjh. 

which is speedily transformed by bacterial fermentation into ammonium carbonate :■ — 

COINHjlj + 2 HjO = (NH^lsCO^ 

This latter is either directly absorbed by the plants, or is 6rst oxidised to nitrate and nitrite by 
nitrifying organisms in the manner explained in Section XLIV., p. 4*7 (“ Circulation of Nitrogen ”). 

Calcium cyanamide must be applied as a manure below the surface of the soil 
some time before the seed is sown. It must not be applied to plants actually 
growing. It is also mixed with Bessemer slag or potassium salts as a component 
of mixed manures. 150 lbs. per acre, mixed with 100-125 parts of potassium salts, 
is the mixture most used. 

Calcium cyanamide, however, also serves as the basis for the manufacture of 
many nitrogenous compounds. For example 

Ammonia, NH,, is manufactured from it by treating it with superheated steam 
(CaNCN t3HjO = OiC03 + 2NH3), see p. 472. The ammonia can be easily 
combined with nitric acid to form ammonium nitrate. Nitric acid itself is 
now manufactured from the ammonia by oxidising it by Ostwald’S ProCCSS 
(p. 448). From the ammonium nitrite and nitric acid thus produced, explosives, 
dyes, and other useful nitrogenous substances are now made. The manu- 
facture of cyanides from calcium cyanamide is also now an important industry 
(see p. 490). Sodium cyanide, NaCN, is now produced by fusing calcium 
cyanamide with common salt, 90-95 per cent, of the cyanamide being converted 
into sodium cyanide, which is much used for recovery of gold in Sputh Africa, 
Australia, U.S.A., Mexico, etc. Calcium cyanamide is stated by Clancy {Metall. 
Clum. Eng., 1910*8, 608, 623; 1911, p, 21, 53, 123) to be capable of replacing 
cyanides in gold extraction. 

Dic^andiamide is made in a crystalline form by extracting technical calcium 
cyanamide with hot water ; — 

aCaNCN + aHjO = aCafOH), -I- (HjN.CN), 

It is used for making organic dy«, also for reducing the temperature of combustion 
of explosive since its decomp«ition produces little heat, and gives a strong pressure 
owing^ to it .containing 66.6 inert N. Hence the addition of the substance to 
powders like cordite, which rapidly destroy riBing on account of high temperature of 
conibustKm(see Mutln’S "Industrial Chemistry ; Organic,” under " Explosives"). 

_ UiM, CO(NH,)j, Guanidine, C(NH)(NH,)p nitroguanidine, etc., ate also 
mtiigenous wbstances manufactured at Spandau by treating calcium cyanamide with 
l^eiffoas acid^ etc, . 
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The body, “ ferrodur," used for case hardening and temiiering iron and steel, 
contains nitrolim. 

The.whole family of nitrogen products may be traced in the following table 


Coal 


Lime 


Calcium Carbide 

I Atmospheric Nitrogen 


Cyanamide (Nilrdim) 




^ 1 

Fertiliser 

Cementing 

1 

Hardening 

Powder 

1 1 

Synthetic Dyes Cyanidtj^ 

Ammonia 

! 

Various 

1 

Sulphate of Ammonia 


Nitric Acid 


Explosives : Various 

Cordite 
Guncotton 

Dynamite, etc. Ammonia Nitrate 


Explosives Concentrate Chemical 

(safety) Fertiliser 


I 
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Aha references and patents in the text. 

Until the yea.T i8qo only comparatively small quantities of the very poisonous 
potassium cyanide, KCN, were made, being used principally in the electroplating 
industry and in photography. 

This use was founded on the fact that KCN posesses the properly of dissolving the salts of 
metals like cold, silver, and nickel, etc., the metal going into solution as a double cyanide. From 
Sese solutions the metal can be readily deposited electro-cheroically in a coherent layer by making 
the surface of the object to be coated with the precious nicul the negative pole m a solution of 
the double cyanide. 

Up to 1890 the annual output of KCN was a^ut 100 tons, the product being 
usually prepared by fusing fenrocyanides with alkali. 

In 1881 M'Arthur and Forrest took out their patents (English Patents, 14,174. 
1887 • to 223 1888) for using dilute KCN. or NaCN solutions for extracting gold 
from ores’, and in a few years from that date the manufacture of cyanides on an 
industrial scale was welt Established. 

In root sboiit 6,300 tons of cyanide were placed on the markei. 

In 1910 Great Britain exported oi cyanide of sodium or potassium, 7,770 tons, value .6633,000. 

Germanv in 1S93, exported 6,280 tons at 1,400 marks Mr t<m. j r r ... 

In "894 onh 120 tons at 3,200 marks were produced. The German production of f«ro^anide 
of ^talKf s^um was i 5 1895 valued at 361 tons at 1,480 marks. In 19C9 this had become 

‘'‘‘ThrdefetoXt^oMhTvast Transvaal gold industry has Uen mainly dependent upon the 
me ueveiopiuei , . , cYanide solnlion. The 



I , or Iheenld in these' ores, as well as the production or "sumes ana ‘tilings" 

con'!idni^“^W,Iln rambinri to render the ordinary methods of gold extraction difficult of 

"’’''menAeae gold-bearing materials me treated with dilute KCN solution the gold passes into 

wlulion, thus:- ^ + H.a -f O = aKAufCNb + KHO. 

The Eold thus passes into solution as ixjtassium autocyanide, I^u(CN),. 

, ’ifc gold is il«t precipitated on sine according to the equanon . 

2KAu(CN), -F Zn = K^nfCN), -I- sAu. 
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The maximum efiectiTe solution is that containing 0.25 per cent. KCN» sotutim^coDtaining as 
little as 0.0005 per cent. KCN having a perceptible solvent action. The quantity of st^otion used 
is 33 per cent, of the amount of ore in the charge. 

Previous to the introduction of the process into South Africa no tailing had Seen treated by 
lixiviation with the KCN solution. The ** Rotunson’* works put up a plant costing and 

made ;^2fOoo per month working pro6t ! « 

This great success led to the extension of the }»ocess to ‘all the gold*bearmg countries of the 
world, such as Australia, New ^aland, India, America, etc, In the cyanide treatment (A 
Rand tailings " cost 2s. 3d. to 2s. qd. per ton, using | lb. to ^ lb. of cvanide ptt ton : this cyanide 
cost 3d. to 6d. at that date. Since then the cost of the cyanide W considerably deatased. 
According to fieilby tf th*. Soc, of Ckm. Ind.^ aSlh Feb. 1898), the total production of gold 

by the cyanide process in 1897 was 1,215,000 oz. of fine gold. In 1910 the world’s output of 
gold vfzs 23,000,000 oz. of fine gold, 5,7^,000 02. of thb (about 25 per cent.) being recovered 
by the use of cyanide. The value of the cyanide process may be -j'^ged from the fact that the 
value of the cyanide bullion produced by the Rand in 1910 was equal to the whole profit earned by 
the mines. The actual %ures being : — 

Yield from cyaniding .... 1,552,743 

Total profit of working - ^ * - • ;^i 11567,099 

MANUFACTURE OF SODIUM OR POTASSIUM CYANIDE 

Potassium cyanide or sodium cyanide is now manufactured by several different 
sources, viz. 

1. From ferrocyanide or ferricyanide (pnissiate). 

2. From ammc^ia, carbon, and an alkali metal (Na), or alkali salt. 

3. From sulphocyanides. 

4. From “schlempe," a residue from the refining of beet sugar. 

5. From cyanamide (nitrolim). 

6. From atmospheric nitrogen. 

MANUFACTURE OF CYANIDE FROM FERROCYANIDES 
(PRUSSIATE) 

Previous to the intr^uction of the gold-cyaniding process almost all the cyanide 
manufactured was made from sodium or potassium ferrocyanide, which was 
produced from animal matter, such as dried blood, horns, hoofs, and the residues 
of slaughter houses (see under Ferrocyantdes, p. 491). 

When potassium ferrocyanide thus obtained is heated with well-dried potassium 
carbonate, the following action occurs : — 

K4Fe(CN), f KjCO, = 5KCN + KCNO + CO* + Fc. 

Potassium Pousnaoi 
cyapide. cyanatc. 

When this process was employed, potassium cyanide sold at 2$. 6d. per lb. as against 7|d. per 
lb. in 1911. Only about 20 per cent, of the nitrogen of the animal matter was qsed, and barely 
80 per cent of the potash, th^ remainder being lost. 

Potassium (or sodium) ferrocyanide is no longer made from refuse animal matter, 
but is now recovered from gas-warks; the recovered ferrocyanide (“prussiate") is 
largely worked for the manufacture of cyanide by Erlcnmcy^S process of 
fusing with metallic sodium, when the following changes tide place 

K,Fe(CN), + jNa = 4KCN + aNaCN + Fe. 

In this process, first worked between 1890 and 1 900, all the cj^nt^n is recovered 
in the form of sodium or potassium cyanide, the s^ium cyanide M^g te^nically 
of the same value as the ^tassium cyanide, provided the CN content is the same. 

Tbe process is carried out as follows s— In coveted iron crucibles, some 30-40 cm, in baabt, 
le^drated patiarinm fnrocyanide, K^FetCN),, is mixed with the propoi amonnt » metidBc lomra 
in the form of short bars, and the entcible is then beated over a iM &a nntil On contents art ' 
Biniptelely Aised. The molten contentsaif n nsmbcr of these cmdto wreumat panted into an 
fn^ ena^ heated 1; dsect fire as befine^ bat provided widt a fitethq; WtailppMnt iniidf of 
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spoDgy iron (obtained in the above-mentioned mettiog process), below which are outlet tubes. The 
moltei C^nide is forced through this filter by means of compressed air and a compressing piston. 
The filtered ^anide as it flows away from the filtering crucible solidifies to a white crystalline 
mass. It contains some cmoate, KCNO or NaCNO, along with a little alkali carbonate and free 
Rustic soda or potash. Nevertheless, in practice the cyanide is always valued on the basis of the 
KCN it contains, and since 75.3 parts of NaCN are technically equivalent to 100 g. KCN, the 
cyanide can be placed on the market as “ 100 per cent. KCN” in spite of the presence of theft 
imparities. It is only the CN which counts, technically ; whether the CN is united with K or Na 
is immateriaL- 

It was this process of cyanide manufacture which created the sodium industry, 
the sodium used being principally produced by the Castner electrolytic process. The 
production of metallic sodium is now an integral part of the cyanide industry. It is 
described in Volume III. of this work, which is devoted to metallurgy. 

The use of sodiumresulted in the production of a sodium -potassium cyanide, the ratio of sodium 
to potassium being varied within wide limits. The laiger the amount of Na salt present the 
higher the •strength of the cyanide. At first considerable opposition was encountered to the use 
of a cyanide containing sodium, owing to commercial reasons. It has been shown, however, that 
sodium cyanide U as etwrive as Mtassium cyanide, and U cheaper ; consequently, whereft formerly 
only potassium fetrocyanide, K^FelCN),, was manufactured, at the present time it has been almost 
entire^ superseded (since 1905) by the cheaper sodium ferrocyanide (prussiate), Na4Fe(CN)8. 
which can m obtain^ very pure, and yields, wnea fused with metallic sodium as above described, 
practically pure sodium cyanide, NaCN. 

Commercial sodium ^anide, NaCN, containing as it docs about 30 per cent, more cyanogen 
than KCN, can be us^ in smaller quantities than KCN for producing the same gold-dissolving 
effect Moreover, it is stated to be more convenient for making up solutions. 


MANUFACTURE OF CYANIDES FROM AMMONIA. CARBON 
AND ALKALI METAL, OR ALKALI SALT 


Several important processes are worked. 

Siepemann’s Process (see English Patents, 13,697,0! 1889; 9,35oand 9,351, 
of 1900).— One part of sodium carbonate and two parts of charcoal (that is, sufficient 
charcoal to keep the mass from fusing during the process) are heated to dark redness 
in the upper part of a vertical iron tube while a current of ammonia gas is sent 
through the mixture. Potassium cyanate, KCNO, is formed thus 
K,COi + NH, = KCNO + KOH + H,0. 

The mixture is then allowed to fall to the bottom of the tube, where it is heated 
to bright redness. The cyanate is decomposed with formation of cyanide 


KCNO + C = KCN + CO. 


The final product is thrown into air tight vessels, cooled, lixiviated with water, 
the solution being evaporated in vacua until the KCN crystallises out. KCN is 
soluble with difficulty in the presence of much KOH or KjCO,, and cryst^lis^ 
out before these salts in the form of anhydrous crystals. As first made the KCN 
was a damp deliquescent mass, which had to be fused with the product of the 
ferrocyanide process. The working of the process is difficult. It has been worked 

at Stassfurt since 1893. _ , ■ u 

Beilby Process (see English Patent, 4,820, of 1901). — The principle is much 
the sameas the Siepermann Process, but differs in important details. 

Much less carbon is used, so that at the end only slight excess remains, ibe 
charcoal is added gradually during the operation, so that the material is always 
present as a molten liquid through which the ammonia gas is forced under a 
slight pressure, when the following action takes place 

KjCO, + 4C + aNH, = 3KCN + 3CO + 3Hj. 


The finsd molten product is filteted from the small excess of unchanged ch^oal, 
and thus a white saleable product is directly obtained without the difficulties of 
lixiVitdtm, However, Mttce the melting point of the pure poteium carbonate is 
inoonvenient^ high (about 890* C.), ready-made cyanide is added to it m order 
to leduce tte tempaature of Jusion. 
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The Beilby |wocess has been worked since 1892 by the Cassel Gold Extracting Co. at Gla^iow, 
and has achieve remarkable success. 

In 1899 Beilby’s process was estimated to supply folly 50 pcf cent, of the world s output of 
high-strength cyanide. 



Fig. r.— Costner’s Sodamide Furnace {Longitudinal Section). 


The Castner Process (see English Patents, 12,219, of 1894; 21,732, of 
1894. See also the German Patents, 117,623, 124,977, 1900; 126,241, 1900; 
148,045, 1901). — One of the most important syntheses of cyanide from ammonia 
was successfully worked on the large scale by the Frankfurter Scbeideanstalt 
in 1900, the process having been worked out by H. Y. Castner some years 
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Fig. 2 . — Castner’s Sodamide Furnace (Horizontal Section). 


previously. Dry ammonia gas led over molten sodium in the absence of air yields 
sodamide, NaNHj, as a crystalline product, thus 

NH, + N« = NaNHj + U. 

On adding to the fused sodamide some powdered charcoal or coal, sodium 
cyanamide, Na^NjC, is formed, thus 

2N«NH, + C = K»sN.C + 4H. 

At a still higher temperature the eacess of carbon reacts with the cyanamide to 

fnrm rvantdtft. thu« r.— 

Na^iC + C » aNaCN. 
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Acetylene gas (German Patent, 149,678, 1901) can be used instead of carbon as the 
reducing agent. Like the Beilby proces^ the final product is a fused mass containing 
«ry small quaiitities of solid impurities, which are easily removed by filtratiom 
The operations involved are simple, but the temperatures employed at each stage of 

manufacture must be carefully regulated. The process is carried out as follows • 

Into an iron crucible heated to 500“ C. some 70 kg. of wood charcoal is 
discharged, and the whole is heated in a slow stream of ammonia gas. Next 
115 ^8- of metallic sodium is added to the crucible, the current of ammonia is 
increased, and the temperature is raised to 600“ C. until all the sodium is converted 
into sodamide. The temperature is finally increased to goo" C., when the carbon 
acts on tbe sodamide and converts it into cyanide, with intermediate formation of 
sodium cyanamide, as above explained. The process proceeds quantitatively, and 
the final molten cyanide is poured off and filtered while still in a fluid condition, 
and cast in iron moulds. It then forms pure white cakes, containing 97.i:-g8per 
cent. NICN (equivalent to 128-130 per cent. KCN). 


Figs, r and 2 show Castner s sodamide furnace. It consists of an iron retort m, the upper 
part of which is provided with a senes of vertical baffle plates c, arranged as indicated. The 
retorts are heated to 300''-400° C., ammonia entering at N and molten melallic sodium at n, while 
the fused fuel products can be run off by k. 


This process, going hand in hand with the fall in the price of metallic sodium, caused an 
enormous r^uction in the price of cyanide from £\(x) per ton in 1895 to only £^o per ton in 1909. 
No doubt, in consequence of the production of cheap synthetic ammonia (see p. 469), a further 
fall in price of cyanide may be anticipated. 


MANUFACTURE OF CYANIDE FROM SULPHOCYANIDES 

Many attempts to produce cyanides directly from sulphocyanides without the 
intermediate production of ferrocyanides have been proposed, and some have been 
worked on the industrial scale, without, however, producing more than a small 
amount of the total cyanide. 

Playfair, in 1890 (English Patent, 7,764, of 1890 ; see also Journ. Soc. Chm. Ind., 
II, 14,^892; Comoy, ibid., 15, 8, 1896), found that fusing at 400" C. lead or zinc with 
sulphocyanide abstracted the sulphur, leaving cyanide, NaCN.S + Pb = NaCN -f PbS. 

Ferrocyanide (prussiale) was produced from sulphocyanide by treating with finely divided 
iron (“swarf”) 

Fc(CN) 2 + 4KCN = K4Fe(CN)^. KCNS + Fe =- KCN + FeS. zKCN + FeS = K.S + Fe(CN),^. 

The usual process was to heat the sulphocyanide in retorts to a dull red heat, cool in absence 
of air, and extract the product with water in the retorts themselves, so that contact with air, and 
subsequent oxidation, are thus entirely avoided. 

This process, or some modification, has repeatedly been worked since i860, when Gelis took 
out his patent (English Patent, 1, 816, of i860). See also the following f^tents: — English Patents, 
1,148, 1878; 1,359, *879; 1,261, 1881 ; 5,830, 1894. The British Cyanide Co. have worked the 
process at Oldbury since 1S94. 

A different method of work is su^sted in the Patent, 361, 1896, where copper is used instead of 
iron. In the German Patent, 32,892, of 1882, KCNS is heated with iron filings, ferrous hydroxide, 
and water to no”- 120”: — 

6KCNS + 6Fe + Fe(OH)2 = K^Fe{CN|s + 6FeS + 2KOH. 

Raschen, in 1895 (see English Patents, 10,476, 1895; 10,956, 1895; 21,678, 
1895; 19,767, 1898, 12,180, 1900; see also Conroy,/oam. Ate. Chtm. Ind., 1899, 
18, 432), invented a daring method of converting sulphocyanide into cyanide, which 
was worW by the United Alkali Co. A 15 per cent. NaCNS solution flows into 
boiling dilute HNO„ when HCN and NO are formed thus 

NaCNS + aHNOj = HCN + 2NO 4 NaHSO,. 

The hydrocyanic acid gas, together with the nitric oxide, is passed through 
alkali, whereby all the HCN is absorbed as alkaline cyanide, and is recovered 
by evaporating. The nitric oxide passes forward, "mixed with air, through towers 
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packad ^ith flints down which water trickles. It is thus converted into nitric 
acid once more, and is thus used again. 

The corrosive natures of the solutions employed, combined with the enormous volumes of 
highly poisonous gas to be dealt with, present^ engineering problems of great difficulty which, 
however, were successfully overcome. The sulphocyanide was produced synthetically from carbon 
bisulphide and ammonia. . , 

It should be noted that sulphocyanides can be directly reduced to cyanides 
by treating with hydrogen at a dull red heat : — 

KSCN + H, = KGN + HjS. aKCNS + aH, = + aHCN + HjS. 

Seventy per cent, of the N is obtained as cyanide, and 20 per cent, as HCN 
gas. See Playfair, /ttirrw. Soc. Chm. Ini., 1892, II, 14; Conroy, Heslop, and Shores, 
loc. cit., 1901, 20, 320. ' ^ 

MANUFACTURE OF CYANIDES FROM “SCHLEMP,F’’ 

Bueb ijf Dessau has introduced a successful process for extracting cyanide by 
heating “schlempe,” a waste product of beetroot sugar manufacture (Martin’s 
“ Industrial Chemistry : Organic ”). 


X 



The beet juice is clarified, and as much as possible of tbe ciystalline sugar is separated by 
evaporation in vacuum pans and crystallisation. Ihere remains a thick, viscid, highly coloured, and 
strongly smelling liquid, .still containing 50 per cent sugar, 20 per cent, organic impurities, 10 per 
cent salts, and 20 per cent svatet This is beet sugar molass^ To extract more sugar -from it 
the molas^ is treated with alkaline earths, when the sugar comhiues svith the base to form lechle 
salts, known as ‘‘suerates,*’ which crystallise in well-defrned crystals, and are easily sepaiated from 
tbe adhering molasses. Ihe sugar is set free from tbe sucrates by treating with carbon dioxide gas 
in excess of water, or simple excess of water, the alkaline earth separating from the sugar as an 
insoluble precipitate. The brown iiquid from which the sugar has Iteen sepaiated contains all the 
impurities of the original beet juice, together with much potash and other mils. It is called 
" schlempe,” and contains about 4 per cent, of nitrogen. 

A few years ago this schlempe was simply burnt in furnaces so as to obtain the 
potash salts in the form of a residue known as “schlempe kohle,” all the nitrogen 
being lost. 

Vincent in Fiance, about 1878, attempted to utilise and recover the nitrogen at 
a red heat, when ammimia,methylamines, methyl alcohols, and gases were obtained 
The manufacture of themetbylamines was abandoned in i88i forwent of a market 
In 1898, however, Bueb (see Eng^ Patents, 7,171, 1895 ; 26, *59, 1898) intro- 
duced his procen of working the schlempe for cymide and ammonia in a molasses 
refinery at Dessau, and the process is now worked in a great many factories 

The schleihpe, concentrated to sp. gr., is run into ernttumware tetorts,^ and 
svl^ected to ^ destructive distiUatioB. 
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The §ases which escape, consisting of CO,, CO, H, CH,, NH,, 1 %, and 
much tnmethylamine, N(CHj)g (the latter being derived from betaine, 
HO.N(CH5 ),CHjCOOH, contained in the schlempe), do not at this stage contain 
any cyanide. However, when these gases are passed into “ superheaters,” consisting 
of cylindrical chambers filled with brick chequer-work maintained at a red heat 
(about 1,000° C.), hydrocyanic acid is obtained by direct decomposition of the 
methylamine, thus 

N(CH))a = HCN + 2CH,. 

The superheating of the gases must not last long, as HCN is unstable and the 
yield would soon diminish. As a rule, two chambers are used alternately, one 
being heated while the gases from the retort are pass- 
ing through the other. • 

Figs. 3, 4, 5 show Bueb’s plant. </, d are the 
schlem()b retorts, which are heated to 7oo®-8oo‘‘ C. by the 
furnace gases passing through the flues The super- 

'heater lies beneath the retorts as indicated, and is heated to 
about 1,000* C. by the furnace gases. The charge for each retort ' 
consists of kg. of schlempe, and the distillation takes three 
to four hours. 

The “cyanised” gas leaving the decomposition 
chambers, containing 10 per cent. HCN and 5-8 per 
cent. NH, by volume, passes through a s.eries of 
coolers, and then into dilute sulphuric acid, where the 
ammonia, pyridine, and similar bases are absorbed. 

Next they pass through a “cyanide absorber,” 
where the HCN is absorbed in water, and, after 
treating with NaOH, is obtained as a concentrated 
solution of NaCN. 

Fic. 4. 

The combustible gases escaping this treatment arc burnt 
under the retorts, and so are used for heating purposes. All 

the retorts and leading tubes are worked under a somewhat diminished pressure, so that no 
poisonous gases escape into the air. The issuing ^ is tested for traces of HCN by passing through 
an NaOH solution to which a little FeS04has been added, when the slightest trace of HCN is 
revealed by a preeijntate of Prussian blue. 




The concentnUed aqueous solution of NaCN, obtained, as above described, 
as a weakly alkaline solution, is evaporated in vacuum vessels, and allowed to 
crystallise in a nodular form, a temperature above 30’ C. being essential, as under 
this temperature the NaCN separates as NaCN.sHfi. The crystals are centrifuged, 
driei and pressed to hard cites, containing sodium cyanide equivalent to 120-125 
per cent. KCN. 

35 ptr cent of Ae N in the schlempe is thus recovered as cyanide, 25 per cent, as NH„ 
while 40 {Iff cent, U lost in the form of nit^en gas. 
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Ost (tee Z€it. angew. Chem.^ igofii' 19 * 609) calcttktcs that front the 13,000,000 tons of beettoot 
annually worked in Germany for sugar, about 10,000 tons of KCN would be obtainable from the 
schlempe by Bueb’s process. Otherwise the N in schlempe has no commercial value. 

MANUFACTURE OF CYANIDES FROM CALCIUM 
CYANAMIDE (CaCNj) 

When the mixture of calcium cyanamide and carbon (CaCNj + C), which is 
known commercially as aitrolim or kalkstickstoff (p. 475), is fused either with 
salt, NaCl, or sodium carbonate, Na^COj, it js converted to the extent of 90-95 
per cent, into sodium cyanide, NaCN, thus : — 

CaCN^ + C -k aNaCI = CaClj + aNaCN. 

Nttrolim 

CaCNj -k C + Na^COa = CaCOj -k aNaCN. 

In practice, esalt is employed for fusion ; the product, containing about 30 per cent, 
of NaCN, can be used directly for gold extraction. When pure NaCN is required 
the fused mixture is decomposed by acids and the liberated HCN absorbed in 
NaOH, 

The formation of cyanide from cyanamide is reversible : — 

CaCNj -k Cj::±Ca(CNb. 

'■—--1——' Calcium 

cyanide. 

SO that special precautions have to be adopted to prevent reformation of cyanamide after complete 
fusion. 

Moreover, at the temperature of fusion the cyanamide may be partially reconverted into calcium 
carbide with loss of nitrogen by the reaction 

CaCNj + C = Ca^ + Ng. 

V - Calcium 
Nifrolitn. carbide. 

The liberated carbide then destroys some cyanide by reconverting U into cyanamide, thus 
Ca(CN)2 + CaCj = zCaCNg + 2C. 

All these side reactions lend to diminish the yield of cj'anide. Technically these difficulties 
arc stated to have been overcome by “using appropriate appliances for melting and cooling the 
materials” (although no details have been pubbshed), and the conversion of cyanamide into cyanide 
is stated to be practically quantitative. 

The Nitri^en Products Co. stale that they use metallic sodium in the manufacture of cyanide 
from cyanamide. 


CYANIDES FROM ATMOSPHERIC NITROGEN 

A great many attempts have been made to manufacture cyanides directly from 
atmospheric nitrogen, and no doubt a large industry may ultimately result from 
these attempts. 

Up to 1913, however, no great technical success has been recorded. 

Possoz and Boissiere’s proces.s (English Patent, 9,985, 1843) consists in soaking wood charcoal 
in KOH, drying and heating to bright redness in retorts through which a mixture of nitri^en and 
CO2 and CO gas (furnace was passed. Nitrc^en was taken up, 50 per cent, of the alkali in 
the charcoal ^ng cemvert^ into cyanide, which was finally extracted by llxiviation. The process 
was not a commercial success. 

Later, in i860, Marqueritte and De Soardeval (English Patent, i,iyi, 1860) attempted to use 
barium oxide and carbon for absoilnng nitrogen, and Mond (Engli^ Patent, 433, 188a) worked ap 
a process in detail, Ba(CN)2 being formed best at a temperature of 1,400° C. Readman (English 
Patent, 6,621, 1894), using the same materials, but with electrical heating, worked the process at the 
.Scotti^ Cyanide Co. works between 1899 and 1907, but although much cyanide was produced, 
the venture was commercially succe^ul. 

Frank and Caro (English Patent, 15,066, 1895I and Wilson (English Patent, 21,997, 1895} 
found that the carbidef of the alkaliiie earths absorb nitrogen, and attempts have been made to 
manufacture cyan^<» ftom the product. 
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Finely divided Wmm carbide, heated at 700“ C. in nitrogen gas, takes up n percent. ofN, 
30 per cent, of which IS fixed as banum cyanide,. Ba(CN)„ the rest being present as barium 
cyanamide, BaNaC. The material is heated with dry NajCO, and C., when the cyanamide is 
converted into cyanide, the change being, according to Dreschel 

+ Na^COj = NaaCN^ + BaCOj. 

Barium C3ranamide. S^iuid cyanAinide, 

N^CN^ + C = 2NaCN. 

Sodium cyanamide. Sodium cyanide. 


The product is extracted with water, the cyanide is converted into ferrocyanide, fused with sodium, 
and 86 per cent, of the fixed nitrogen is thus converted into saleable .sodium cyanide. The process 
was not commercially successful. 


FERROCYANIDES (PRUSSIATES) 

Potassium Ferrocyanide, KjFe(CN)4 + 3H2O, and Sodium Ferrocyanide, 
Na4Fe(CN)j + laHjO, both crystallise in large yellow crystals, art^ moderately 
soluble in cold water, very soluble in hot, and possess the valuable property of not 
being poisonous. T'hey are completely dehydrated above 100’ C., and decompose 
at red heat, forming KCN, C, and Fe, N escaping. 

Solubility of K,Fe(CN)g.— too parts water dissolve (Ftard, Ann. Chtm. Phys,, 1894 [7], 

3, 546) 

Temperature" • ■ 0" 30 ° 40° 60° 75' 80" #89" 98° 157“ C. 

Grams KiFe(CN)e- ■ 14.5 24.5 36 49.5 64 70 72 74 88 

Solubility of NajFelCNIj.— too parts water dissolve (Conroy, /a«e«. Sx. Chtm. I>ui., 1898, 

17, 103) ; - 

Temperature" • • 20" 30' 40° 50" 6o' 70" 8o* 90'^ too" C. 

Grams Na,Ke(CN), • 17.9 23.5 29 35.5 42.5 51.5 59.2 61 63 

Ferrocyanides are easily produced when solutions of potassium or sodium 
cyanides are brought into contact with ferrous hydrate or ferrous sulphide ; — 

6K'CN + FeS = K,Fe(CN)« + K^S. 

Old Process of Manufacture. — This is practically obsolete, although a 
little ferrocyanide is still produced therefrom. 

Into irdn crucibles containing molten potash, scraps of nitrogenous animal matter, such as horns, 
hoofs, hair, wool, etc., are thrown. KCN is thus formed. Into the mass iron Blings are intro- 
duced, which at once unite with the organic sulphur present lo form Fe.S. This iron sulphide then 
unites with the KCN lo form ferrocyanide, as explained above. 

The mass is extracted with water, the ferrocyanide going into solution, and being finally 
recovered by crystallisation. The mother liquors are used over again. 

Only a poor yield is thus obtained. The residue left after lixiviation is a black 
mass, possessing powerful decolorising properties j it is used for decolorising 
paraffin and,ceresin wax. la fact, the manufacture of the "‘animal black charcoal” 
is at present the main object of the industry. 

Modern Process for Ferrocyanide Manufacture from Coal-Gas.— 

Practically all the ferrocyanide of to-day is recovered from coal-gas. 100 kg. of 
coal yield on destructive distillation some 30-40 g. of hydrocyanic acid gas, HCN. 
In 100 volumes of unpurified coal-gas there are o.i-o.a per cent, by volume of 
HCN gas. In general, of the 1-2 percent. N found in coal, some 15 per cent, is 
converted into NHj, aj per cent, as HCN, and 48 per cent, remains behind in the 
coke. The rest of the N escapes as such. The exact amount of HCN produced 
depends upon many factors, such as the moisture in the coal (which acts unfavour- 
ably), the rapidity and length of heating, etc. Rapid heating and a high tempert^- 
ture favours the fermation of HCN. 
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The coal-gais, as it leaves the retorts, contains the whole of its cyanogen as HCN, which is 
produced by the action of ammonia on red-hot carbon 

NHj -f C = HCN -e H, 

Now, at a high.temperature, steam reacts with HCN, and reconverts it into NHg, thus : — 

HCN + H.0 = NH, + CO. * 

(See Carpenter and Linder, /ewm. Sot. Chtm, Jiul., 1905, 24, 63,) Consequently, moisture in the ' 
coal diminishes the yield of cyhnide, and increases that of ammonia. 

This is the reason why Mood gas and the gas from coke ovens (where much moisture is present} 
always contain less HCN than ordinary coal-gas. 

In general, the gas from coal-gas plants contJuns more HCN than the gas from 
coke ovens ; very little HCN occurs in Mood gas. 

Consequently the HCN is principally recovered in coal-gas plant, not in chke 
ovens, as it scarcely pays in the latter case. 

There are a great many different methods of treating the gas for cyanide, but 
we may roughly divide them into two main processes ; — 

(1) iTie old dry process, whereby the gas is simultaneously freed both 
from HCN and H^S by passing through a dry mass of spent iron oxide 
(see under Illutninating; Gas in Martin’s “ Industrial Chemistry ; 
Organic ”). 

(j) The Bueb'S wet process, whereby the gas is scrubbed with a concen- 
trated ferrous sulphate solution (see Martin's “ Industrial Chemistry : 
Organic 

(i) Dry Process of Prussiate Recovery from Coal-Gas.— The spent 
oxide, as it comes from the gas works, contains 35-50 per cent, free sulphur, 
10-15 P*'' “"h cyanide (in the form of Prussian blue), calculated at present as 
crystallised fehocyanide, 1-5 per cent, ammonium sulphocyanide, NH,CNS, and 
1-7 per cent, ammonium sulphate. The substance is valued technically on the 
cyanogen contents. The mass is usually extracted with water, whereby the 
NHjCNS is obtained, together with ammonium sulphate. Sometimes the NH,CNS 
is recovered by fractional crystallisation from the dissolved ammonium sulphate, 
but where this separation is difficult the solution is simply boiled with lime; the 
ammonia gas is thus driven out and collected as describwJ under ammonia. The 
solution is filtered from depositing calcium sulphate, CaSO^, and it then contains 
the soluble calcium sulphocyanide, Ca(CNS)y This is treated with ammonium 
sulphate and converted into ammonium sulphocyanide, thus 

Ca(CNSl 2 + (NH,)jSO, = CaSO, -t aNH.CNS. 

The CaSO, separates out and leaves the sulphocyanides in solution. Sometime.s, 
however, the sulphocyanide is precipitated in the form of the insoluble copper 
sulphocyanide, CuCNS. 

The mass remaining after lixiviating with water is usually treated by Kunheim’s 
process of heating with slaked lime, when all the iron cyanide present is transformed 
into the soluble calcium ferrocyanide, Ca5Fe(CN),. The clear filtered solution of 
calcium ferrocyanide is now treated with KCI, when the difficultly soluble calcium 
potassium, KjCaF^CN)^, separates in the form of small crystals. The equivalent 
amount of potassium carbonate, KjCO, is added to these, and thus we get 
formed insoluble CaCO, and the soluble potassium ferrocyanide, K,Fe(CN),. 
The solution, after filtration, is evaporated, and the pot^um ferrocyanide 
recovered by crystallisation. 

The cyanideTree residue, containing much ftee sulphur, is sold to sulphuric add 
manufacturers, who bum the mass (see Sulphuric Acid in this Volume), and the 
SOj escainng is used for the manufacture of sulphuric acid. 

Between the years i88j and 1895 the spent oxide of gas works was the (principal 
source of ptusiwite, tat since 1895 the more efficient wet methods of Hwoyeruw 
HCN have been introduced by Bueb, and so the importance of the proceti has • 
diminished. 
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In general, when gas is purified by the old process of ammonia scrubbers and iron oxide purifiers, 
about 33 )^r cent, of the HCN condenses with the ammonia, and only 50-70 per cent, in the iron 
oxide purifiers, the rest of the HCN passing away with the coal-gas, causing corrosion of the gas 
holders attd meters. 

With the more efficient wet processes of cyanogen recovery, whether by Bueb*s {urocess (below) 
or by the sulj^ocyaxiidt proc^ (p. 495), piacticrdly all the HCN is removed from the coal 
and recovered. 

{*) Bueb’s Wet Process of Cyanide Recovery from Coal-Gas— In 

this process the coal-gas, after leaving the retorts and after the deposition of tar, is 
passed through a saturated solution of ferrous sulphate, FeSO^ (see English Patent, 
9,07s, 1898). Over 98 per cent of the HCN gas is removed from the cOal-gas 
(more than three times the amount withdrawn by the “dry process”) in the form 
of a sludge of prussiate, consisting essentially of the insoluble ammonium ferro- 
cyanide, (NH,),Fe(Fe(CN,)2), or iNH,CN + Fe(CN)2, together with some soluble 
ammqpium ferrocyanide, much ammonium sulphate, some ammonium carbonate, 
and some iron sulphide. The sludge usually contains 15-20 per cent, cyanogen, 
calculated as being present in the form of crystallised potassium ferrocyanide, 
K,Fe(CN),.3HjO. The mud is boiled, whereby the soluble cyanide interacts 
with the FeS present, and is converted into the insoluble ferroammoniura cyanide, 
2NH,CN.Fe(CN)j. Next the mass is filter-pressed; the liquid, containing much 
ammonium sulphate, is worked up separately for NHj. The mass of insoluble 
cyanide remaining in the press is heated with lime (NH, again escaping and being 
collected), whereby the soluble calcium ferrocyanide, Ca.,Fe(CN)„ is formed. This 
is then treated with the equivalent amount of sodium carbonate, NajCOj, whereby 
sodium ferrocyanide, Na,Fe(CN)5, is formed 

CajFelCN), ■¥ xNa-^Ct), = CaCOj -(- NajFelCNb- 
The calcium carbonate is filtered off and the cleat solution is evaporated for 
Na,Fe(CN),. 

By Bueh’a proce.ss it Is possible to directly manufacture sodium ferrocyanide. This is owirrg 
to the purity ofthc calcium ferrocyanide solution. In the case of the spent oxide process, ptenously 
described, it is not practical to work the cyanides in the ma.ss directly for sodium ferrocyanide. 
The spent oxide ountains so many impurities that in practice the insoluble KgCaFefCNb is always 
first prepared (an analogous ^ringly soluble sodium salt, NruCaFelCNle, does not exist), which 
is then converted into K^FetCN), hy lieating with KjCOa. 

Potassium Ferricyanide, K5Fe(CN)(„ or 3KCN.Fe(CN)a> contains ferric 
iron. It is prepared by oxidising a solution of potassiunn ferrocyanide, K^Fe(CN)8, 
(4KCN.Fe(CN)n, by means of chlorine (2K^Fe(CN)g-f Cl2-2K3Fe(CN)g + 2KCl), 
or by electrolysis in the presence of some calcium salt, the oxygen coming off at 
the anode serving as the oxidising agent. The substance crystallises as deepjed 
monoclinic crystals ; loo g. of water dissolve 36 parts of salt at lo C., 75.5 at 100 C. 

The substance is used as an ordinary agent in dyeii^. It also finds some appUcation in the pro- 
duction of blue prints of engineering and other drawings. Paper is coated with a ^lution 
ammonium citrate, or oxalate, and is then exjwsed to light beneath the transparent drawing. When 
the fight fails on the surface the ferric iron is reduced to (he ferrous stale. On immersing the print 
in a solution of potassium ferroc)‘anide a deposit of Prussian blue is formed on the parts exposed 
lo light, the shaded parts appearing white. 

Prussian Blue (Berlin Bluejt is the fine mineral colour containing both 
ferrous and ferric iron united with the cyanogen radicles. It has been on the 
since 1700. Together with ultramarine anti the coal-tar blues it is still much used 
for the manufacture of paint, for paper and cloth printing, etc. For the latter pur|»se 
it is often produced on the fibre itself by imprinting with potassium ferrocyanide, 
followed by steaming (see Martin's “ Industrial Chemistry Organic ”). 

Prussian blue is an important colour, since it is fast towards light and acids. 
Towards bases, however, it is not so fast. Tissues dyed ^ 

gradually lose their colour in sunlight, but regain it in the dark, ’^ben heated ft 

f 70* C in air it glows and bums away to a brown residue of iron oxide. , 

Chlorine turns 'a suspension of Prussian blue in water greenish, but the Dim 
colour is restored by washing with water. 
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Prussian blue is usually regarded as Ferric ferrocyanide, Fe "4(Fe''(CN),)j, 
or 3Fe(CN)24Fe(CN)g, or Fej(CN)]5. The dry substance contains water (which 
cannot be driven off without decomposition), corresponding approximately to 
Fe,(CN)igroJdgO. 

There is little doubt, however, that the commercial Prussian bfue is really a mixture of several 
different substances, all possessing a blue colour {see Hofmann, Heine, and Hbchdcn, Anna/en, 
’904, 337 i 1 ; Hofmann and Resensheck, ibid., 1905, 340, 267 ; 1905, 3^, 364, for an examination 
of the whole subject). Among blue bodies which are sometimes present may be mentioned “ soluble 
Prussian blue, ’'2[KFe"'fFe"(CN),l] + 3 - 5 H, 0 . Hofmann'sblue, KFc'"(Fe"(CN),) + HjO. Stable 
soluble blue, Fe'"K(Fe"(CN)j) + HjO t Williamson’s blue or violet, KFe'"{ Fe'tCNlg) + Hfi. A 
full account of these different blues is given in Hofmann’s papers above referred to. 

Manufacture. — Several different varieties of Prussian blue are on the market. 
The finest commercial Prussian blue goes under the name Paris blue, and is 
made by dissolving 50 kilos of potassium ferrocyanide in 250 kilos of waty, and 
making simultaneously a solution of 43 45 kilos of ferrous sulphate (green vitriol) 
in 259 kilosof water, best in the presence of scrap iron to avoid formation of ferric 
salts.' The two solutions are now run simultaneously into a vessel containing 
250 kilos of water, and the almost white precipitate which forms is allowed to 
settle and is drained on a cloth filter. 

The paste is now heated to boiling, transferred to a wooden vessel, and 25.5 
kilos of concentrated HNO3 (1.23 sp. gr.) mixed with 18 kilos of concentrated 
sulphuric acid (1.84 sp. gr.) are added. This oxidises the paste to a fine blue 
colour. After standing twenty-four hours the mixture is suspended in large excess 
of cold water and settled. The mass is washed with cold water by decantation 
until the bulk is free from sulphuric acid. It is then collected on linen filters, 
pressed to cakes, and dried in air at 39“-4o“ C. Yield, 39-40 kilos. 

Another method is to acidify the paste with hydrochloric acid and pass chlorine gas through it, 
until the solution gives a deep blue colour with potassium ferrocyanide. 

Still a third method is to oxidise ferrous sulphate with nitric acid and run into the solution 
potassium ferrocyanide solution. The deep blue precipitate is collected aod washed until free 
from iron. 

The best qualities of Prussian blue (known as Paris blue) are made as above 
described. But inferior qualities (known as Mineral blue) are sold in which 
the Paris blue is mixed with starch, gypsum, burnt and finely-ground kaolin, heavy 
spar, etc. 

The mixture is made by adding the white finely-ground material to the Paris 
blue paste, and passing through a colour null. 

Sulphocyanides or Thiocyanates— Recovery from Coal-Gas.— 

Sulphocyanides are now obtained solely from coal-gas. At one time synthetic 
sulphocyanides were made, but apparently the manufacture has been abandoned. 

Gas liquor, when quite fresh, contains ammonium sulphide, (NHj)2S, and 
ammonium cyanide, NH^CN. When stored, the atmospheric oxygen sets free 
sulphur, which dissolves to form polysulphides, and these then react with the 
cyanide present to form sulphocyanide, thus: — 

(NHJyS, + NH,CN = NH,SCN + 

By means of this reaction, Wood, Smith, 'Gidden, Salamon, and Albright 
(English Patent, 13,658, igoi) introduced a successful process of recovering 
practically all the cyanogen (98 per cent.) of coal-gas, which is now worked by the 
British Cyanides Co. Ltd., and by several gas works. It yields practically the whole 
of the sulphocyanides now made. 

The coal-gas coining from the retorts is first led through a tar extractor, and 
then through a special sciubber, after which it passes on to the ammonia scrubber 
of the works. The water in this special scrubber is rendered ammoniacal by the 
pmsage of the gas, and sulphur in small lumps is then added. 
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As the sulphur is rotated by the scrubber, polysulphides of ammonia are formed, 
which are in turn decomposed by the hydrocyanic acid, HCN, of the coal-gas, 
with the production of sulphocyanide of ammonia. 

The ammonium sulphocyanide, NH^CNS, is next distilled with lime, and the 
ammonia is expelled and reijrvered. thus : — 

Ca(OH)j -f aNH^CNS = CafCNSh + 2NH3. 

The calcium sulphocyanide, Ca(CNS)2, is next converted into sodium or potassium 
sulphocyanide hy treating with sodium or potassium carbonate : — 

CatCNSls -t NajCOj = CaCOj + 2NaCNS. 

The sodium or potassium sulphocyanide can then be converted either into 
cyanide or into prussiate (ferrocyanide), described on p. 487. 

In tgog P. E. Williams, engineer at Poplar, designed a special purifier box, which merely 
contains moistened spent oxide— about 50 per cent. S. The box arrests sulphur, in some way 
which is not yet quite clear, and it is claimed that the CSj in the gas is also reduced. The saving 
effected over the former method, using a mechanically driven washer fed with specially prepared 
sulphur, must be considerable. 

It will thus be seen that the recovery of cyanogen from coal-gas is either effected as ferrocyanide, 
as described on p. 493, or as sulphocyanide. The advantage of the ferrocyanide process is that 
it gives a product which itself has a fairly wide market, and can be easily transformed into either 
Prussian blue or alkali cyanides. Its disadvantage is that it is almost impossible— with the inten- 
tional admission of a small proportion of air to the coal-gas before purification in order to effect 
some continuous revivification of the oxide, quite impossible— to avoid the formation of sulpho- 
cyanides during the process of purification. The recovery of this wherf»a ferrocyanide process is 
worked is usually too costly, and it is generally lost. The great disadvantages of the sulpha- 
cyanide processes ate the facts that it has not been found practicable to manufacture alkali 
cyanides direct from sulphocyanide and that the sulphocyanide liquor is very corrosive to wet iron. 


SYNTHETIC SULPHOCYANIDES FROM CARBON DISULPHIDE 
AND AMMONIA 


At one lime considerable amounts of synthetic sulphocyaiiides were made and worked for 
cyanides or sulphocyanides, as described above. At the present time the process appears to 
have been abandoned, but may later revive, and so we will desetilje the process. 

Gelis (English Patent, l,Sl6, 1S60) manufactured sulphocyanide by agitating a concentrated 
solution of ammonia and ammonium sulphide with carbon disulphide, CSg, when ammonium 
sulphocarbonate is formed, thus 

^NH.bS -f CS.. = INIIA.CS5. 

The solution is next heated to 90”- too” C. with potassium sulphide, when potassium sulphocyanide 
is formed with the evolution of much sulphuretted hydrogen 

2 (N1I,)2 CSj -h KjS = 2KCNS -t- 2NH,HS -h 3H2S. 

The disposal of the sulphuretted hydrogen evolved caused much expense, and the process was 
not successful commercially. Gtinzhurg and Tciierniac (see English Patents, 1 , tqS, 1878 ; i , 359 ,^ 1879 ; 
1,261, 1S81) improved the process by simply heating a 20 per cent. NII3 solution to too in an 
autoclave provided with stirrers, until the pressure of 15 atmospheres was reached, when ammonium 
sulphocyanide is quantitatively produced, thus : — 

4NH, -h CSj = NILSCN -I (NHAaS. 


The process, also, was not commercially successful. In 1894, however. Brock, Raschen, and 
others (see Crowlhet and Kossiter, English Patent, 17,846. 1893 : Bock, Hethenngton, Hurter, 
and Raschen, English Patent, 21,451, 1893) nndified the process by adding lime to the charge, 
thus diminishing the pressure in the autoclaves and reducing the amount of ammonia required, 
the aciion taking place according to the equation :— 

aNHj + 2CS3 -b 2Ca(OHl2 = CafSCNb -I- CafSHlj -f 4HjO. 


Excess of ammonia must be present to prevent formation of suljihocarbonate. At the end of 
the process this is distilled off, COj gas is driven through the iquid to expel the sulphuretted 
hvdrwen (as in the Claus-Chance treatment of alkali waste), and any pecipitated calcium 
carbonate is filtered off. The soluble calcium sulphocyanide is treated with sodium carbonate 
and converted into sodium sulphocyanide, thus 

Ca(SCN), -I- Na^CO, = CaCO, -b aNaSCN. 

The United Alkali Co. worked this process for some years, converting, the symthetic sodium 
sulphocyanide into cyanide by Raschen’s process of oxidation by nitric acid, as described on p. 487. 



SECTION LI^, 

MANUFACTURE OF 
NITROUS OXIDE 

(Laughing Gas, Nitrogen Monoxide), N^O 

By Geoykrey Martin, Ph.D., D.Sc. 

The usual "process is to heat ammonium nitrate, NH,NO^ in retorts, when it 
decomposes, thus ; — 

NH4NO, = N.,0 + aHjO. 

The substance begins to decompose at 170" C, and the heat must be carefully 
' regulated (best by gas firing), otherwise explosions can occur. 

It is important to use pure ammonium nitrate. If the temperature is too high, 
N, NHj and the vei^' poisonous NO are produced. The gas must be purified by 
passing through solutions of ferrous sulphate, KeSO^, caustic potash, KOH, and 
milk of lime. NO is caught by the FeSO,; and is held back by the KOH 
and lime, which also retains any CO.^. 

1 kilo NHjNOj gives 182 litres NjO. 

See fiaskerrille and Stephenson {/aurn. [nd. Eng- Chem,^ 1911, 3, 579) for a full account of its 
preparation and the requisite puiity for nse as an anwstheiic. 

Lidoff {Journ, Rust. Phyt. Chem. 5 *-., 1903, 35, 59) mises the ammonium nitrate with sand, 
and washes the gas with ferrous sulphate solution, diying it with an emulsion of ferrous 
sulphate in concentrated sulphuric acid. 

Smith and Elmore (D.R.P., 71,279, of 1892) heat dry KNO, with dry The 

evolution of gas begins at 230° C. and ends at 300“ C. Thilo {Chem. Zeit., 1894, 18, 532) uses 
NaNOj and heats to 240^ C. Campari (Chem. Cent.. 18S8, 1569) heats 5 parts SnClo, 
10 parts HQ (sp. gr, 1.21), and 0.9 parts UNO, (sp. gr. 1 38), when gas is evolved, 
Pictet (French Patent, 415,594, of 19lo)And Sddermann (French Patent, 41 1,785, of 1910) obtain 
t from an electrically product nitrogen-oxygen flame by rapid cooling. 

' Properties.— Colourless gas with pleasant odour and sweet taste. Density, 
1. 5301 (air=i). I litre weighs 1.9774 g. at o' C. and 760 mm. Coefficiency 
of expansion, 0.0037067. 

The liquefied gas has density 1.2257 (HjO=i), and refractive index 1.193 at 
i6" C. Critical temperature, 35.4" C. ; critical pressure, 75 atmospheres. Liquid 
boils at -88' C., and thereby partially solidifies (at - 115° C.). Mixed with CSj 
evaporated in vacuo, a temperature of .•140" C. is attained. 

Burning oxidisable bodies (such as P, S, etc.) continue to burn in the gas as 
in pure oxygen. With H gas it forms an explosive mixture. Heat of formation, 
21,700 calories. , 

Solubility in water : — 

r volume water/ 5' C. lO’ C, 15* C. 20* C. 25' C. 

dissolves \ 1.048 0.8778 0.7377 0.6294 0.5443V0IS. 

When breathed, nitrous oxide is a valuable aniesthetic for short operations ; 
22-26 litres of gas are needed to produce insensibility. Prolonged breathing causes 
death. It is advisable to mix 0,1 per cent, of atmospheric air with the gas; 
the limit is 0.25 per cent, air. Mixed with oxygen the breathing of the gas 
produces intoxication. Also used for making sodium azide. 

Aaaljfi*.- Best by burning with H according to Butiwn’s metbod. See W, Hempel (A, ij. 
903 \ Jimrn. Sec. Chem. Ind.. 1882, 200). K. Wagner (Jeurn, Sec. Ciem. leal., 188a, 332) gives 
a ineQiod of estimatiif the NO in N, 0 . See alio Latigt, /eum. See. Chem. Ind., 1881, 42S. 

TnfM|toft— In lagnefied form in iron, steel, or copper eylindeil. 8<s R. Haienclever, Chem, 
PmL. iSaai. a?i. . 

PrinUi Tn Dauw Pnu, Mdhinrth, 



ADVERTISEMENTS 


VI 


Chemical Plant 

FOR NEARLY ALL INDUSTRIES IN 

STEEL, CAST-IRON, BRONZE 

AND SPECIAL ALLOYS 


T A N T I R O N 

SULPHURIC ACID PLANT NITRIC ACID PLANT 

HYDROCHLORIC ACID PLANT 


PLANT FOR 

TKe Synthetic Prcduction ot 
most Organic Bodies 
such as 

Phenol, Salicylic Acid, etc. 

Autoclaves 
and Digestors. 

TANTIROM CENTRIFUGAL ACID PUMPS TANTIRON CENTRIFUGAL SLIME PUMPS 

TANTIRON LINED STEEL PIPES AND AUTOCLAVES 


Mon'Corrosive Alloys and Plants 
for use with Corrosive Liquors. 
Evaporators. 

Concentrating and Fractionating 
Plant. 

Stilts, Condensers, Acid Eggs, 
Pans, Electrodes, Pumps, 
Cocks, Valves, e'e. 


PLANT FOR 
Sulphonating, 

Nitrating, Chlorinating, or 
Acetylating. 

Filtering, 

Distilling, and SuUiming Plant, 

Lennox Compressors. 
Vacuum Pumas and Blowers, 


OUR TECHNICAL LABORATORIES ARE COMPLETELY EQUIPPED TO 
INVESTIGATE, ADVISE. £r DEMONSTRATE THE BEST METHODS FOR 

NEW PROCESSES 

AND CAN BE USED FOR LARGE SCALE EXPERIMENTS 

LENNOX FOUNDRY CO. LTD. 

GLENVILLE GROVE, NEW CROSS, LONDON, S.E*, ENGLAND 

Telegrams: "Equilex Dept., London," Telephone: Mew Cross, 770 

AIL COOf« 


iCID-RESISTING STONEWiffi 

LAeGE TANKS, VESSELS, TAPS, PIPES, AND BRICKS 


SEND YOUR INQUIRIES TO: 


HATHERN STATION BRICK & TERRACOTTA CO. 

LTD. 

XOUGHBOROUGH 


Tilegrams: “BRICKS, HATHERN STATION" 


TeUpKone; 611 Lou^hborD' 


BABCOCK & WILCOX 

LIMITED 

PATENT WATER-TUBE STEAM BOILERS 

Over 17,000,000 H.P. of l.and and .Marine Types installed or on order, 
of which 300,000 H.P. are in use in Chemical and Allied Industries 

Babcock & Wilcox Limited also supply, as Joint Manufacturers and (ieneral 
Licensees with MessrsJ, Samuel White & Co. Ltd., The WHITK-I'ORSTKR 
BOILERS for DESTROYERS, TORPEDO BOATS, PINNACES, etc. 




STEAW SUPERHEATERS 
ECONOMISERS 
MECHANICAL STOKERS 
FEED-WATER HEATERS 
STEAM PIPING PLANTS 


Tele^raip- ; “ liAi'.' ‘o i;, I.'-'- 


W*ATER SOFTENERS AND PUR!FIF:RS 
STEEL CHIMNEYS. COAL CONVEYORS 
STRtCrURAI. STEEL WORK 
ELECTRIC CRANES 
STEEL WORKS CHARGERS 


MEAD OFFICES: 


fiiTii (:ily (-. l.nii s) 


ORIEL HOUSE, FARRINGDON STREET, LONDON, E.C. 

Works: RENFREW, SCOTl.AND 






AOVKRTISEMENTS 



RUBBER WASHING MACHINE VACUUM DRYIN^ STONE 

FRANCIS SHAW & Co- U'>- 

BRADFORD, MANCKESTER 

London Office - AUSTRALIA HOUSE, STRAND, W.C. 

SPECIALITIES 

VACUUM DRYING RUBBER MILL AND 

INSTALLATIONS PLANTATION MACHINERY 

HYDRAULIC PUMPS BALL MILLS AND 

AND PRESSES DRYERS 

LABORATORY MACHINERY OF ALL KINDS 





366 


BALL MILLS OF EVERY DESCRIPTION 


i X A DVHRTISEMENTS 



ASBESTOS 

Cloth, Fibre ond Paper. Pipe 
and Manhole Jointing Material. 
Asbestos Catalyser Nets for 

Oleam. Electrical Insolation 

Tapes and Sheets. Diaphragms 
for Electrolytic Processes. 

Compressed Asbestos Fibre 
(C.A.F.) Jointing for Super- 
heated Steam. Acids, etc. 

£gis Asbestos-Cement Building 

Sheets and Slates, and Turners' 

Trafford Tiles (T.T.T.) resist 

Chemical Fumes and Fire. 

TURNER BROTHERS 

ASBESTOS CO. LTD. 

Msnufscturers 

ROCHDALE 

1 

:: ENGLAND 






ADVERTISEMENTS 


X 



DISINTEGRATORS 

For BONE GRINDING 
LIME GRINDING 
NITRE CAKE 

GENERAL GRINDING 


BAR TYPE MIXEIJ AND CRUSHER 
For Compound Manures, Materials of 
a Sticky Nature, etc. 



COMBINED BALL MILL 81 DRYER 



For treating Moist 
or Damp Materials 
and Drying and 
Grinding at one 
operation under 
Vacuum if required 


MAHERS 


J. HARRISON CARTER LTD. 

Engineering Works 

DUNSTABLE ENGLAND 


TcUgrsphic AJdrcssss— MILLING, DUNSTABLE 
MILLING. LONDON 


Telephone- 20 Dunstable 

774 Avenue, London 


London OHiees 12 HARK LANE, E.C. 



XI 


AT>VKRTISRMRNTS 


IMPORTANT NEW BOOKS 

Now Ready. Second Impression. 368 Pa(5es with Illustrations 
Medium 8vo. Price 10 s. 6d. net 

THE CHEMISTRY OF 

PETROLEUM AND ITS SUBSTITUTES 

A PRAGTICAL HANDBOOK 

By C. K. TINKLER, B.Sc. (Umd.iuul Wales), ami 

F. CHALLENGER, Ph.l). ((;utiingen), It.lSc. (lamd.). IM.C.. 

*^I.KCTrRKRS IN CUKMUTRY, TIIK INIVERSITY OF IHKMlNtOIXM 

With an Introduction by Sir BOVERTON REDWOOD, Bart. 

Just Published. Second Edition Re-written and Enlarged. In Two 
Volumes. Sold Separately. Price 7 s. 6d. net per Volume 

MODERN COKING PRACTICE 

By J. E, CHRISTOPHER 

Wi^iin Coal and Irt>n Co.. Mcml-cr of ihe Sociciy <if ClK-mical In<lustry, I'.ic. 

iNCLUDINO 

THE ANALYSIS OF MATERIALS & PRODUCTS 

By T. H. BYROM, F.I.C., F.C.S,, Etc. 

Vol. I. Raw Materials and Coke 
Vol. II. By-Products 

Now Ready. Royal 8vo. 860 PaRes with Illustrations, and Three 
Coloured Plates. Price 30 s. net (Postage abroad, as.) 

STANDARD METHODS 

OF 

CHEMICAL ANALYSIS 

A Manual of Analytical !V|«(hods and Ocnerai Reference 
for the Analytical Chemist and Advanced Student 

By WILFRED W. SCOTT 

Ktbcflrrh f. licniibL liciR-ral Clieinicnl ('ortijtaiiv : ftiniiviiv < iiivff l.cioiM, 
baliiMin Wi.iks ; avithi.r nf •* C lumical 

In Collaboration with Eminent American Research Chemists . 

Prospectus of each Work on Application 

LONDON: 

CROSBY LOCKWOOD & SON, 7 Stationers’ Hall Court, E.C.4 







AUVKKTISKMEM IS 


All 


NOW READY 

850 Pages with 150 Illustrations. Royal Octavo. Cloth 
Price £3. 3s. net 

HIGH EXPLOSIVES 

A PRACTICAL TREATISE 

B\' . 

. Lieut. E. De W. S. COLVER, Dr.Met., F.C.S., etc. 

Attached Mtalstry of AtuaItJoas of War; Formerly • 

Research Demoastrator In the University of Sheffield 

ADVERTISEMENT 

In' this comiirehensive work the whole range of compounds included under 
the modern term “ High Explosives’' is fully de.alt With. 

The manufacture and properties of e.ach conipouilfl are described in 
comiilete detail. The chemistry involved in the v.inons processes is 
lucidly explainerl. and details are given of successful nianufaeturing processes, 
the necessary plant, the properties of the compounds, and of their uses for 
industrial and military purposes, together with methods of manipulation tests 
and analysis. The sources anfi recovery of the raw materials are dealt with, 
together with certain subsidiary explosives such as are used for fuses and 
detonators. Specifications are .also given of the essential reiiuirements of 
the more important explosives, and a section is devoted to a comprehensive 
review of recent [latent literature on the subject. 

LIST OF CHAPTERS 

Ilisinrical • The Kuu MaiciiaU- RecKNOry of iliy Simple .\r«»malic 1 Ivdrocarltons (rmu 
Coiil Tar— Kfo |^■c'ty of ihe — Rosorciii — Xuplithol -Kco'vvry "f the Aiuifivs-- 

Ameriran anil Kusoan reirok-uin— Tc'iinj; and Analydn^ llic Raw Materials- Nitraiitiii of 
Arijinaiic (.‘ompoumls in (li neral — Specific (iravities an«l ('oucetuiations <if ilie Nitiic ami 
Sulphuric At'i'ls as Used for llic I’tuposes <jf Niiraiioti TeMino aiid Analysis ol Niiiii- 
Aciti — Anal)''is of Sulphuric Acitl and Oleum 'I'otiii^ \\‘a>te Aci<l — Rfi;i-m*iaii<in of ilic 
W.isic Acitl -RcCovt-ry of the Niir.'jus I'linu-saA Nilrii Acid — Xitroi.fn7ene — l)itii(rul)e!i/vnf 
•Trinitrol.ten/enc -Xilroioluene -l)initrotolii«;iie Triniliololucne — Xitm (Joinjummi'. oi 

ihe 1 ii^htr HtjimViogues of Ren/cne -'•NiitonapfilhiiUiie I )iiiiironaphthaUTii.‘ Triniiim- 

ti.iphihalcnc— Tciramtronaphthalcnc— I’rojK-rties and Usc.v of the Nitronapliihalcius 
Nnrojjhenol — Dinirroj^henol- I’icric Acid Derivatives of l*ii ric .\< ul XitjociiNols - 
XitroreiiiiciriA ami Xitronaphthiths- 1 k'\anilrodiphen\laiiiine !'olynitroanitiiicfa> Xilro- 
.\roiiiiitii: C'lmpoiinds of Various Compositions- -Xiuoparafhns -Rules and l\e^ulaiioii>. 
Re^Mrdink; the .Manufacture of Nilrod.ompounds — The Toxic Klfrcl of Nilroiis h'units, 
Xitrohydrttt aTbon>. ,and Ricric Arif), an<l its I’revcniion duriiio the Mamifadurc of 
l'xpl«jsive-s .MethofR i>f Maiiipiilrtli'rn -U-*c ami Application of l''.x|jlosivts I'rojectilcs 
Detonators and Ignition — l'roduc^ i>f T.xpRjsion— Poisonous Action of tiie Prodm is of 
Kxplodori- t ;t ntral Projierlies of Kxphj-vives— Pro-iire <>f the (liiNts of h\plt>si(<n — Heat 
of f'oiiihu'ii‘»n and rciujurature of Kxjjlo'ion Velocity of Dct<iriation Scnwiliviiv ttt 
Ib.xplo'iNCS— ('haracier and Duration of Flame 'Hit- Fm-rj'v of lixplodvc-v of 

Patents Dcalim; with Xitro-UonijKjUmls Spcrlfiralinns. 

Full Prospectus on Application 
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the c^ftcentratioh o! Solution^ .Mt 
branch of the Chemical Indnstfy, 
STNER PATENT FILM EVAPOIUT 
acknowledged far ahe:^ of all other 
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[fv the latest types of the KESTMEB EVAPOl 


AK'sUcUlly designed to cope with the teaJly 
P^lS oi solutions whi^^ solidify on cooling, ex, SoM 

Sod* at 60 pet cent. (NsjO). ■ *8 

Continuous separation of ^Crystals direct in our ^alt^ | 

MultiSSri* Evaporators which ensure perfectly conti^ 
operaHon whilst permitting; of clewing. J 

Special Evaporators for Lictuors having an Acid Rea| 
e.g., Ammonium Nitrate. . ■ 

; KESTHEB EVAPOBATOB A EHGIHEEBIHG CO.^ 
57 paruamemt stbbet, lomdoh, aw. u ^ 





